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Broncho-pneumonia, if we consider its frequency, its high mortality and 
its serious and lasting sequelz, must be regarded as the most important type of 
pneumonia in early childhood. The recognition of the type and of its peculiar 
prevalence in the first vears of life, began in the years following the clinical and 
pathological studies of Laennec. From this time, about 1820, until about 
the middle of the century, there was much discussion and controversy regarding 
this infantile type of pneumonia, based largely on post-mortem investigation. 
The factors of atelectasis, collapse, and inflammation, and the parts played 
by them in producing consolidation in the lungs of young infants, were much 
debated. In 1837, Seifert! introduced the term broncho-pneumonia. 

About 1850 Barthez and Rilliet put the discussion on firmer ground. 
They adopted the term broncho-pneumonia (using other synonyms including 
lobular pneumonia) ; they declared that the essential and primary lesion in 
the condition was a severe inflammation of the finer bronchial tubes, the 
changes in the lungs being derived from this bronchitis ; and they identified 
as being practically inseparable, capillary bronchitis and broncho-pneumonia. 
They considered broncho-pneumonia to be the characteristic and common 
type in young children ; but they also pointed out that cases of croupous or 
lobar pneumonia were met with even at the earliest age. The final statement 
of their views can be read in the chapter on broncho-pneumonia in their book 
Maladies des Enfants* (1884), where they also give a full account of the long 
controversies of the preceding sixty years. This chapter remains still the 
classical presentation of the subject. There have been no substantial additions 
to our knowledge since it was written. There is still lacking a satisfactory 
explanation of the prevalence of this type of pneumonia in early childhood : 
on the one hand, a constitutional factor is alleged ; on the other, some special 























bacterial cause. 

West*® in this country, and Henoch' in Germany, writing in the same 
decade, diverge little from the teaching of Barthez and Rilliet. They both 
emphasize the close, indeed inextricable, relation between bronchitis and 
broncho-pneumonia in young children. 

It may be useful to set down together the numbers of our cases of 
bronchitis, broncho-pneumonia, and alveolar (lobar) pneumonia, already given 
in the statistical survey’, grouping them in age periods (Table 1). 
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TABLE IT. 


AGE PERIopS In AUTHORS’ SERIES OF CASES. 














Age period Bronchitis Broncho-pneumonia Alveolar pneumonia 
Under 2 years nice or 155 110 7 143 a 
2-5 years sve oe dis 55 31 131] 
5-12 years ww esas 21 a ue 





Two points should be remembered in considering these figures. First, an 
attempt has been made to separate bronchitis from broncho-pneumonia in 
infants. Secondly, the group of broncho-pneumonia includes only a small 
number of cases of measles and whooping-cough. Both these facts have 
reduced the numbers of this group in comparison with the collected figures 
given by many other writers: and they give a relative prominence to the 
numbers of alveolar (lobar) pneumonia in the first age period. 

Our figures justify the following general statement as to the relative 
incidence of the two types of pneumonia in childhood ; whereas cases of alveolar 
(lobar) pneumonia occur throughout the whole period of childhood with fairly 
steady frequency, the great majority of cases of broncho-pneumonia are 
concentrated in the first two or three years of the period. This statement is 
in accord with the view prevalent to-day and for many years past. 


PATHOLOGICAL STUDY. 


Broncho-pneumonia is the form in which pneumonia is most often seen 
in the post-mortem room of a children’s hospital. While differences of opinion 
may exist as to the relative frequency of broncho-pneumonia and alveolar 
pneumonia in cases which recover, there can be no doubt at all as to the 
preponderance of the former among those which are fatal. 

In the first paper of this series’, it was stated that of 945 consecutive 
autopsies performed in the Royal Edinburgh Hospital for Sick Children, 140 
(14-8) were cases of broncho-pneumonia, and 23 (2-5°%) of alveolar pneumonia. 
This figure (140) excludes a group of 29 cases of terminal hypostatic pneumonia 
which, for the purpose of the analysis, were placed in a class by themselves, 
although they might reasonably be regarded as a sub-group of broncho- 
pneumonia. Some facts of interest derived from a survey of the 140 cases 
may be given. 

Age. The ages of the children ranged from 1 week to 7} years. 70 were 
under one year old; 48 were between one and two years. Thus, about 84 
per cent. of all the cases were in children under two years of age. 

Sex. There were 78 boys and 62 girls, showing no significant difference 
in incidence between the sexes. 

Complications. In 51 of the 140 cases the broncho-pneumonia was 
accompanied by some serious complication, which in some instances was the 
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actual cause of death. The nature and frequency of these complications 
were as follows :—empyema (34); suppuration in the lungs (27) ; pericarditis 
(10); peritonitis (8); meningitis (4); gangrene of lung (1); suppurative 
pyelonephritis (1) ; laryngeal diphtheria (2). 


Morbid Anatomy. 


The upper respiratory passages. There is usually an acute catarrhal 
inflammation of the upper air passages, which becomes more severe towards 
the lower end of the trachea and in the main bronchi. Often an immense 
amount of thick purulent secretion is found at autopsy in the main bronchi, 
trachea and larynx. As a rule there is a generalised acute bronchitis affecting 
bronchi of all sizes throughout both lungs. The walls are swollen, the mucous 
membrane intensely red, the lumina filled with muco-pus. This inflammation 
js often much more severe in the smaller than in the larger bronchi, and there 
may be some dilatation of the finer tubes. 


Site and extent of pneumonic consolidation. In 20 cases in our series the 
right lung only was affected ; in 8 the left lung only ; in 112 both lungs were 
involved. In almost all instances when pneumonia was confined to one 
lung, bronchitis was present in the other. It is quite probable that, owing 
to the impossibility of examining microscopically every part of every lung 
which appeared to be free from consolidation, minute patches may have been 
overlooked. The number (28) of cases classed as unilateral may therefore 
be larger than it ought to be. In a certain number of bilateral cases, pneumonia 
was much more extensive in one lung than in the other (Plate II, Fig. 7 & 8), 
but it was more usual to find it similar in extent and apparent duration on the 
two sides (Plate I, Fig. 3 & 4; Plate II, Fig. 5 & 6). 

In most cases pneumonic areas were present in all lobes. The lower 
lobes, however, especially the posterior and basal portions, were more 
constantly and usually more severely affected than other parts. If any con- 
fluence of broncho-pneumonic patches were present; it was most often at the 
base or along the posterior border. The parts most frequently found to be 
free from pneumonic patches were the anterior borders of the upper 
lobes. We have noticed, however, that a strip of consolidation at the antero- 
inferior angle of the left upper lobe, along the lower margin of the cardiac 
notch, is of remarkably frequent occurrence. 


The size of individual areas of consolidation varies greatly in different 
cases. When there is no confluence, the patches are often exceedingly small, 
although they may be present throughout the whole of both lungs, with air- 
containing lung substance between them (Plate I, Fig. 1). Each of these 
small patches forms in relation to a bronchus or bronchiole, which occupies 
the centre of it. When there is copious exudation, into the alveoli surrounding 
the central inflamed bronchiole and neighbouring patches become confluent 
over large areas, the resulting consolidation may affect a whole lobe or even 
almost a whole lung. In these cases a diagnosis of lobar pneumonia may 
suggest itself and differentiation may present some difficulty. It is quite 
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usual to find small discrete patches occupying the anterior parts of the lungs, 
with confluence in large areas at the bases and posterior borders (Plate IT, 
Fig. 6). 

The appearance of the pneumonic areas. This naturally varies greatly 
according to their size, their duration and the amount of confluence. When 
there is no confluence and the pneumonic patches are very small and occur 
in relation to practically every bronchiole, the cut surface of the lung shows 
innumerable sharply defined patches of pinhead size or even smaller, each with a 
tiny bronchiole in its centre. These minute patches project slightly above the 
general level of the cut surface, and the wall of the bronchiole is conspicuous 
owing to inflammatory thickening. At an early stage the patches are red ; 
later, grey ; still later, definitely yellow. The intervening lung substance is 
congested. The gross appearance of this form of broncho-pneumonia is 
sometimes remarkably like that of acute miliary tuberculosis, but close 
inspection reveals the presence of the central bronchiole in each patch and 
removes the likelihood of error. On slight pressure, quantities of purulent 
material exude from the bronchioles. 

To the touch the lungs feel ‘ shotty,’ the pneumonic areas being readily 
detected by palpation. Sometimes, indeed, their presence is more easily 
discerned by the fingers than by the eyes. In some cases, although the minute 
bronchioles are acutely inflamed, it is impossible to detect any consolidation 
by macroscopic examination, and a diagnosis of capillary bronchitis is apt to 
be made. But we have yet to find a case of this kind in which the microscope 
failed to reveal consolidation of tiny groups of alveoli surrounding the inflamed 
bronchioles. 

When there is confluence so widespread that consolidation is almost or 
quite of lobar extent, certain features peculiar to broncho-pneumonia usually 
serve to distinguish it from alveolar pneumonia. The consolidated area is 
rarely as massively and completely consolidated as in alveolar pneumonia. 
There is almost always a certain amount of collapse associated with the con- 
solidation. Because of this collapse, an area of confluent broncho-pneumonia 
is less voluminous than a corresponding area of alveolar pneumonia ; sometimes 
indeed it is even less voluminous than adjacent aerated lung substance (Plate 
III, Fig. 9). It has a rubber-like resilience, unlike the somewhat. brittle 
firmness of alveolar pneumonia; and an unequal or nodular consistence, 
readily appreciated on handling the organ. Where the area of confluent 
broncho-pneumonia abuts upon aerated lung substance, the margin is usually 
indefinite and irregular, and small pneumonic patches are present beyond it 
(Plate I, Fig. 3). The cut surface differs from that of an area of alveolar 
pneumonia. It is usually moist and shiny instead of dry, dull and granular, 
and there is conspicuous mottling corresponding to the distribution of small 
bronchi and bronchioles. Usually each bronchiole is surrounded by a small 
zone which is yellow or greyish yellow in colour and, being more completely 
consolidated, stands out slightly above the level of the adjacent lung substance. 
The walls of the bronchioles are swollen and stand out prominently ; the lumen 
is often a little dilated and contains pus. The intervening lung substance is 
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red or greyish red, and is in a condition of partial collapse and partial con- 
solidation which renders it completely airless. This conspicuous peribronchial 
mottling is exceedingly characteristic of confluent broncho-pneumonia and 
points unmistakably to that diagnosis. 


Suppuration and necrosis. In nearly 20 per cent. of the cases of broncho- 
pneumonia in our post-mortem series (27 out of 140) suppuration had occurred 
in some part of the lungs, associated in numerous instances with 
areas of necrosis, which had the characters of septic infarcts and were 
caused by thrombosis of blood vessels. These necrotic areas occurred in 
consolidated parts, and were sometimes red, but more often pale in colour. 
They had a great tendency to septic softening, and invariably showed suppur- 
ation at the edges, if not more extensively. Apart from these septic infarcts, 
when abscesses were present in the lungs they almost always originated in 
bronchi and were usually multiple and of small size. 

Emphysema. Acute emphysema is often a very conspicuous feature in 
broncho-pneumoniec lungs. It affects those regions of the lungs where 
pneumonic patches are either absent or small and discrete, usually the anterior 
portions of the upper lobes. It may be merely of the vesicular variety, but 
interstitial emphysema also is often present and sometimes produces a most 
remarkable appearance (Plate II, Fig. 5 and 6). The air, escaping from 
ruptured alveoli into the stroma of the lungs, tracks along interlobular septa, 
distending them and separating their fibrous bundles, and forms bulle under 
the pleura which may reach a large size, up to an inch or more in diameter. 
Rupture of these bullae may occur and produce pneumothorax, but considering 
the frequency of their presence and the stretching of the pleura which they 
cause, it is perhaps surprising that that accident does not happen more often 
that it appears to do. Sometimes the air finds its way along the septa to the 
root and so to the mediastinum. It may then spread further and produce 
subcutaneous emphysema of the neck and chest wall. 


This severe emphysema, which is characteristic of broncho-pneumonia 
and unusual in the alveolar type, may be explained as being in part ‘ com- 
plementary ’ in nature, intensified doubtless by the laboured respiration and 
severe cough usual in these cases. But it is probable that a more important 
factor in its production in thisexaggerated form, is partial obstruction of the 
bronchi in emphysematous parts by the inflammatory exudate resulting from 
acute bronchitis, or the minute patches of pneumonia which are so often present 
(Plate IV, Fig. 17). 


The pleura. Pleurisy is not constant as it is in alveolar pneumonia. It 
is indeed usually absent, unless consolidated areas of some size are present 
immediately beneath the pleura. Extensive confluent broncho-pneumonia 
usually shows fibrinous pleurisy, often with a very scanty exudate, affecting 
the pleura over the consolidated parts. As in alveolar pneumonia, it would 
seem that cases which have a copious pleural exudate tend to develop empyema. 
Subpleural petechiz, sometimes very numerous and widespread, are extremely 
common in broncho-pneumonia. 
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Lymphatic glands. Intense congestion and very great swelling of the 
broncho-pulmonary and tracheo-bronchial glands are characteristic of broncho- 
pneumonia (Plate I, Fig. 1; Plate II, Fig. 6). The degree of enlargement is, 
indeed, sometimes very remarkable. Although these glands show evidence 
of intense acute inflammation, we have rarely found suppuration in them, even 
when it had occurred in the lungs. 

Other internal organs. Toxic chanegs in the organs vary greatly in 
different cases of broncho-pneumonia. Sometimes they are remarkably slight 
in proportion to the severity of the local condition in the lungs. When they 
are really severe, as they are in a certain number of cases, the existence of 
septicemia can usually be proved by bacteriological examination of the blood. 
Dilatation of the right side of the heart, with a pale soft myocardium, is usual. 
Morbid Histology. 

Broncho-pneumonia is an inflammatory condition affecting primarily the 
walls of bronchi and bronchioles and spreading to the alveoli immediately 
related tothem. In the area of an early lesion (Plate III, Fig. 11) is a bronchiole 
with catarrhal contents in its lumen and inflammatory infiltration in its walls, 
polymorphonuclear leucocytes being numerous among the infiltrating cells. The 
condition affecting the bronchiole is much more than a superficial catarrh ; 
it is an intense inflammation of the substance of the wall throughout its whole 
thickness, indicating that the infection is not located merely in the lumen 
but penetrates the wall and invades the lymphatics (Plate III, Fig. 12; 
Plate IV., Fig. 13). This severe acute interstitial inflammation of the wall 
may affect bronchi of any size but is most severe in the smaller tubes. It may 
cause serious damage. Complete destruction of the epithelium is usual, and 
the infiltration of the wall by polymorphonuclears may be so dense that its 
structure becomes indistinguishable. Some dilatation of the smaller bronchi 
is of common occurrence, and a copious cellular exudate, usually devoid of 
fibrin, is present within them. 

Around the central bronchiole is a group of consolidated alveoli, the walls 
of which are thickly infiltrated with inflammatory cells, so that they may be 
much obscured and difficult to distinguish. Often the infiltration of the walls 
seems to precede consolidation of the lumen and extends beyond the edge of 
the consolidation patch (Plate III, Fig. 11; Plate IV, Fig. 17). 

In severe cases every branch of every bronchus down to its finest rami- 
fications forms the centre of a pneumonic patch (Plate I, Fig. | and 2). The 
consolidated alveoli around a bronchus are not always those which are directly 
connected with it by continuity of lumen. Even tubes of some size, cut at a 
considerable distance from their termination, may be surrounded by a ring of 
consolidated alveoli. We are unable to accept the view that these alveoli 
are always the expansions of minute branches of the central bronchus. Their 
arrangement as a collar, often not more than, one or two alveoli deep, around 
the whole circumference and along a considerable length of the bronchus, 
points to the conclusion that infection reaches these alveoli through the 
bronchial wall and the alveolar septa, and not along the lumen. Acute inter- 
stitial inflammation is an essential part of the process. 

















PLATE I. 

Fig. 1. (Male, aged 3 years and 9 months. Case I.) Acute broncho-pneumonia following 
measles. Wide dissemination of small discrete pneumonic patches ; little confluence. 
Enlarged bronchial glands. 

Kig.?. (Female, aged 1 year. Case II.) Acute broncho-pneumonia, of 12 days’ duration. 
Wide dissemination of minute pneumonic patches; confluence in middle lobe and 
medial border of upper lobe. 

Figs. 3 & 4. (Male, aged 1 vear. Case II].) Acute broncho-pneumonia, of 4 weeks’ duration. 
Extensive conflaence, especially in right lung (Fig. 3.) Enlarged bronchial glands. 


PLATE ITI. 

Figs. 5 & 6. (Female, aged 7 months. Case IV.) Acute broncho-pneumonia, of 8 days’ 
duration. Extensive confluence at bases of lower lobes. Discrete patches and 
bronchitis elsewhere. Marked interstitial emphysema, best seen at apices. Enlarged 
bronchial glands. 

Figs. 7 & 8. (Male, aged 2 years and 6 months. Case V.) Acute pneumonia of mixed type, 
of 11 days’ duration. Massive consolidation of whole lower lobe of right lung (Fig. 7), 
mainly of alveolar type. Irregular patches of broncho-pneumonia in upper and middle 
lobes of same lung. Very small early broncho-pneumonic areas in both lobes of left 
lung (Fig. 8). 


PLATE III. 

Fig. (Female, aged 2 years. Case VI.) Broncho-pneumonia following measles 6 weeks 
before death. Widespread consolidation of small patches with collapse of intervening 
lung tissue, rendering large areas airless. Severe purulent bronchitis. Dilatation of 
smaller bronchi. 

Fig. 10. (Male, aged 1 year and 3 months. Case VII.) Pneumonia of mixed type. Massive 
uniform consolidation of entire upper lobe, with characters of alveolar pneumonia. 
Capillary bronchitis and small broncho-pneumonic areas in lower lobe; slight con- 
Huence at periphery. 

Fig. 11. (Same case as Fig. 1.) Eariy broncho-pneumonie patch. Central bronchiole (B) 
with walls obscured by inflammatory cells; cellular exudate in adjacent alveoli; 
infiltration of alveolar septa. 

Fig. 12. (Same case as Figs. 5 & 6.) Small bronchus showing cellular exudate in lumen ; 
destruction of epithelial lining ; dense inflammatory infiltration of walls; spread of 
inflammation to adjacent alveoli. 

PLATE IV. 

Fig. 13. Higher magnification of part of wall of bronchus shown in Fig. 12. A = bronchial 
wall infiltrated with cells, most of which are polymorphs; B = layer of muscle ; 
(‘- remains of lining epithelium; D = exudate in lumen. 

Kiv. 14. (Same case as Fig. 2.) Blood vessel (A) at bifurcation in broncho-pneumonic lung, 
showing dense infiltration of perivascular stroma by inflammatory cells. B = bron- 
chiole with inflamed walls. 

Fig. 15. (Same case as Figs. 2 & 14.) Group of alveoli in area of confluent broncho-pneumonia, 
showing exudate of predominantly fibrinous nature. 

Fig. 16. Large lymphatic vessels (L) at root of lung from case of broncho-pneumonia, showing 
g 
A 


reat dilatation, purulent content, and spread of inflammation to surrounding tissues. 
Fig. 17. (Same case as Figs. 5, 6, 12 & 13.) Acute vesicular emphysema in lung tissue surrounding 


blood vessel. 


a patch of early broncho-pneumonia. Central bronchiole (B) inflamed ; bronchial 
and alveolar walls infiltrated ; contiguous alveoli consolidated. 

Fig. 18. (Same case as Fig. 9.) Illustrating collapse of lung in broncho-pneumonia. Parts 
of two inflamed and dilated bronchioles (B) are shown, with exudate in alveoli 
immediately adjacent and collapse of intervening lung substance. An interlobular 

septum is seen passing obliquely across the middle of the field. 





























PLATE II. 








Fig. 8. 




















PLATE III. 




















Fig. 14. 
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There may be, in addition, consolidation in the terminal alveolar expan- 
sions of the central bronchiole. Where there is confluence this is always 
present and extensive, but the interstitial inflammation persists in the peri- 
bronchial zone. 

In the acute interstitial inflammation, lymphangitis plays an important 
part. Beginning in the peribronchial lymphatics it soon spreads to the peri- 
vascular and septal lymphatics also. The perivascular connective tissue may 
be infiltrated almost as thickly as the bronchial walls (Plate IV, Fig. 14) ; the 
larger lymphatic vessels in the septa, under the pleura and at the root, are 
often greatly dilated and filled with contents of almost purulent character, 
the tissue in their neighbourhood participating in an acute inflammatory change 
(Plate IV, Fig. 16). The severe involvement of the lymphatic system of the 
lungs explains the inflammatory enlargement of the root glands which has 
already been mentioned. 

This progressive lymphangitis, with associated acute interstitial inflamma- 
tion is an important feature of broncho-pneumonia. Its severity varies in 
different cases, but we have found no case in a large series examined with the 
aid of whole-lung sections, in which it was not present. Sometimes the 
interstitial inflammation is more conspicuous than the alveolar consolidation, 
of which there may be very little. Such cases have been described by some 
authors as a separate group under the name of ‘ acute interstitial broncho- 
pneumonia.’ Influenzal and post-measles pneumonias are stated to be often 
of this type. But our studies have led us to believe that a progressive 
lymphangitis with acute interstitial inflammation of the bronchial walls, 
alveolar septa and stroma, is a constant feature of all forms of true broncho- 
pneumonia, and is indeed of the very essence of the pathological process. 

Further, it is this feature of the disease that accounts for the fact that 
broncho-pneumonia is much more apt than alveolar pneumonia to be followed 
by undesirable results, such as suppuration, necrosis, bronchiectasis and 
fibrosis. That suppuration and necrosis in the lungs are not uncommon in 
fatal broncho-pneumonia has already been indicated. Both are to be attributed 
directly to interstitial inflammation and lymphangitis. When suppuration 
originates in the bronchial walls, which is often the case, it is merely a further 
development of the usual severe inflammation of those structures. The 
thrombosis of blood vessels which leads to the formation of areas of infarction 
is caused by involvement of the vessel walls in an acute inflammation spreading 
to them from the perivascular lymphatics. The association between acute 
broncho-pneumonia and development of bronchiectasis and fibrosis of the 
lungs will be dealt with in another paper. 


The alveolar exudate. In very small and early broncho-pneumonic 
lesions the exudate in the tiny group of alveoli surrounding the central bronchiole 
is often composed entirely of polymorphonuclear leucocytes (Plate III, Fig. 11 ; 
Plate IV, Fig. 17). When the patch is somewhat larger, a greater amount of 
exudation, into the alveoli having taken place, it usually contains fibrin, 
which may be in large amount. Often a patch of this kind shows a series of 
zones in which the composition of the exudate varies. In the lumen and 
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walls of the central bronchiole and the alveoli nearest to it, polymorphonuclear 
cells are present to the exclusion of everything else. Outside this purely cellular 
zone the alveoli contain fibrin and cells in varying proportions, and their walls 
show less infiltration than those of the alveoli nearer the bronchiole. At the 
periphery of the patch there may be a ring of alveoli whose contents almost con- 
sist entirely of catarrhal cells shed from the walls, together with a varying 
amount of cedematous fluid. Beyond this again is a ring of collapsed alveoli 
which contain little or no exudate. When the pneumonic patches are 
numerous, they may be separated from each other only by a narrow strip of 
collapsed alveoli, and the affected part may be completely airless, simulating 
a confluent broncho-pneumonia (Plate IV, Fig. 18). 

Even in massively confluent broncho-pneumonia this * zonal’ character 
of the exudate is usually preserved. The peripheral alveoli of each area of 
pneumonia are rarely completely filled with exudate, but are partially collapsed, 
so that the fact that the consolidation is essentially patchy and peribronchial 
in distribution is evident. This, in conjunction with the presence of acute 
interstitial inflammation, excludes the diagnosis of alveolar pneumonia. The 
peribronchial mottling which is so distinctive a macroscopic character of 
confluent broncho-pneumonia is, of course, due to this feature of the process. 

Fibrin is usually most plentiful when alveolar exudation is most abundant, 
and is therefore found chiefly in areas of massively confluent broncho-pneumonia. 
In such cases certain fields may present an appearance indistinguishable from 
alveolar (croupous) pneumonia, the exudate being as rich in fibrin as it ever 
is in that disease. The photograph shown in Plate IV, Fig. 15 (taken from one 
of the confluent areas in the lung shown in Plate I, Fig. 2,) illustrates this 
point. The case was a typical broncho-pneumonia, about which there could 
be no doubt, but the field shown might pass for one of alveolar pneumonia 
with a richly fibrinous exudate. It is not possible to distinguish between the 
two types of pneumonia by the characters of the alveolar contents in a limited 
field. 

Atypical or mixed cases. 

In any large series of cases of pneumonia there are likely to be some in 
which the pneumonic process appears to be of alveolar type in one part and 
broncho-pneumonic in another. This combination of the types in a single 
case is considered by some observers to occur fairly often. It has been 
indicated above that the presence of small areas which resemble alveolar 
pneumonia is not uncommon in confluent broncho-pneumonia, but we do not 
consider that all cases which show these ought to be classed as * mixed ’ cases. 
Our series included only five to which this term seemed properly applicable. 
Three of them have been examined with whole lung sections. Two are illus- 
trated (Plate Il, Fig. 7 and 8; Plate III, Fig. 10). In these cases unmistakable 
broncho-pneumonic lesions were present in parts of one or both lungs. But 
each presented in addition a large area, usually extending to one whole lobe 
at least, the characters of which were, in most particulars, those of alveolar 
pneumonia rather than confluent broncho-pneumonia. Microscopic examin- 
ation revealed that the appearances throughout the consolidated lobe were 
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in the main those of alveolar pneumonia, and parts might be perfectly typical, 
but in certain portions some interstitial inflammation was present in the 
bronchial walls. Although our first inclination was to regard these as examples 
of unusually massive confluent broncho-pneumonia, detailed study did not 
confirm that opinion. Both types of pneumonia were certainly present. 
The sequence of events in such cases is a difficult matter to determine. Either 
alveolar pneumonia must be superimposed upon an initial bronchitis, or the 
primary condition is alveolar pneumonia and broncho-pneumonia arises as a 
secondary development. We are of opinion that the latter event may occa- 
sionally occur. 


Broncho-pneumonia usually develops from bronchitis. When the in- 
fection, originally located in the bronchial lumen, penetrates the wall and 
invades the peribronchial lymphatics, broncho-pneumonia results. If this 
view be correct, the critical step in the development of broncho-pneumonia 
is the invasion of the bronchial wall and lymphatics by the infecting agent. 
Should a similar invasion occur during the course of a primary alveolar 
pneumonia, the subsequent development of the case would be after the manner 
of broncho-pneumonia. In ordinary cases of alveolar pneumonia this does not 
occur. In our previous paper® we emphasized the fact that in typical alveolar 
pneumonia the bronchial walls and the whole framework of the lungs are 
remarkably free from inflammatory infiltration. But in that paper we described 
certain cases which were atypical in that the bronchial walls in the consolidated 
parts did show inflammatory infiltration, that is to say, the beginnings of 
interstitial inflammation and peribronchial lymphangitis. Had those patients 
survived a little longer, we believe that the infection might have spread to 
other parts of the lungs, and that the lesions resulting from that spread would 
have taken the form of broncho-pneumonia. We suggest, therefore, that 
broncho-pneumonia may develop either from bronchitis or, as a rare event, 
from a patch of primary alveolar pneumonia in which a progressive lymphan- 
gitis takes origin. 


DISCUSSION. 


The conception of broncho-pneumonia set forth in the foregoing patho- 
logical study raises certain questions bearing upon the general problem of that 
disease, and offers an explanation of some of its clinical features. The greater 
severity of broncho-pneumonia compared with alveolar pneumonia is mani- 
fested clinically in the prolonged course, the tendency for undesirable con- 
sequences to follow, and the high mortality. It is manifested pathologically 
by the widespread distribution of the lesions in the lungs, and more particularly 
by the progressive involvement of the lung substance and lymphatics in the 
inflammatory process. An inflammation in which the infection invades the 
tissues in this way is obviously one which is likely to spread widely, almost 





certain to persist for a long time—if it be not quickly fatal—and liable to 
resolve imperfectly and to leave permanent effects. In view of the nature 


of the pathological change, it seems unlikely that true broncho-pneumonia 
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can, ever end by crisis and rapid resolution, and it is not surprising that the 
usual course in cases which recover is a slow and irregular lysis, subject to 
many interruptions. 

The course of a pneumonic infection in a child would seem to depend 
upon whether or not this persistent involvement of the lymphatics by the 
infection occurs. If it does not, the result is alveolar pneumonia, a disease 
which is attended by a relatively trivial mortality and usually ends in a perfect 
recovery. If, on the contrary, the infection does thus invade the lymphatics, 
the result is broncho-pneumonia, with its intimidating mortality and tendency 
to cause permanent disability in a proportion of the survivors. The important 
problem to be explained is why the broncho-pneumonic infection should result 
in this massive and progressive invasion of the lung substance and lymphatics. 

It was pointed out in our previous paper® that in alveolar pneumonia the 
infection, is located chiefly in the alveoli, whose walls possess no lymphatics. 
Therefore, the development of lymphangitis is unlikely. In broncho-pneumonia 
the infection is primarily and chiefly in the bronchi, whose walls possess a rich 
supply of lymphatic vessels. Conditions are therefore more favourable for 
the development of lymphangitis. Yet in both diseases, it is generally agreed, 
the infection reaches the lungs by the air passages; in both it must pass 
through the bronchi. According to Blake and Cecil? lobar (alveolar) pneumonia 
experimentally produced begins with lymphangitis in the bronchial walls. 
This, however, soon passes off with the onset of consolidation, when the infection 
passes out into the alveolar spaces. If this view be correct, it would seem that 
broncho-pneumonia results from the persistence and spread of this primary 
lymphangitis. Probably, then, the explanation of this important difference 
between the two types must be sought, not in any different mode of infection, 
but either in a special quality of the virus or in a condition of predisposition of 
the patient. 

The association between, broncho-pneumonia and other acute infective 
fevers, such as measles, whooping-cough and influenza, is well known. In 
these cases the antecedent fever acts in some way as a preparation for the 
subsequent in-road of the pneumonic infection. As already stated, it is when 
some definite predisposing condition of this kind has been present that the 
interstitial inflammation is commonly found in its most extreme form. 

But broncho-pneumonia in children is often primary, without an antecedent 
infective fever. Some cases of apparently primary broncho-pneumonia may be 
instances of influenzal pneumonia, in which the nature of the initial illness is 
not recognised. But it can hardly be supposed that this explains all cases 
in which there is no obvious sequence of another infection. Nor do we think 
it likely that the explanation of these primary cases will be found in the constant 
presence of a virus of specific quality or special virulence. Rather is it to be 
sought in some condition of the patient, non-infective, yet predisposing in its 
effect. 

Among predisposing conditions of this kind are age (under two years), 
bottle feeding, unhygienic surroundings, lack of fresh air and sunshine, rickets. 
That these conditions predispose a child to broncho-pneumonia is well known. 
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The comparative rarity of broncho-pneumonia, either primary or secondary, 
among better-class children, emphasizes the importance of home environment 
in preventing or promoting predisposition in a child. 

It would follow from this, as a general conclusion, that the prevention of 


broncho-pneumonia in children depends to a corresponding extent upon the 
control of predisposing conditions. 


ABSTRACTS OF CASES ILLUSTRATED. 


Case I, (Plate I, Fig. 1, and Plate III, Fig. 11.) Acute disseminated broncho-pneumonia 
following measles. Male, aged 3 years and 7 months. Breast-fed for 1 year. Scarlet fever 
at | year. Pneumonia at 2 years. Fatal illness started with measles 3 weeks before admission. 
Admitted moribund and died almost at once. 

Post-mortem, development and nutrition fairly good. Much thin muco-pus in upper 
respiratory passages. Scanty fibrinous pleural exudate on both sides. Lungs voluminous, and 
extensively and almost equally affected with small patches of pneumonia showing as tiny yellow 
spots round bronchi and bronchioles. Little tendency to confluence. Lung substance very 
moist, large amounts of frothy fluid exuding on pressure. Mediastinal glands swollen and of a 
deep red colour. Heart grossly dilated in all chambers and muscle pale and flabby. Moderate 
degree of toxic change in solid abdominal organs. 

Case II. (Plate I, Fig. 2, and Plate IV, Fig. 14 and 15.) Acute disseminated broncho- 
pneumonia with confluence in parts, of 12 days’ duration. Female, aged 1 year. Fourth child. 
One died at 3 months. Two basement rooms; gas burning all day. Breast-fed for 3 weeks. 
Thereafter on condensed milk. First tooth at 9 months. Chicken-pox at 7 months, with 
middle ear inflammation. At 9 months, in hospital for 2 weeks with sharp respiratory illness. 
Continued to cough. Readmitted 4 days before death. Had been acutely ill for 8 days, with 
severe cough and noisy breathing. Big pale flabby child. Four teeth. Temp. 102. Pulse 160. 
Respirations 52. Dyspnoeic and cyanosed. Lower chest drawn in on inspiration. Generalized 
bronchitis, with doubtful consolidation on both sides. Severe suffocative symptoms before 
death. 

Post-mortem, both pleural sacs partially obliterated by loose organised adhesions. Both 
lungs widely involved. Broncho-pneumonia mostly discrete, but in right lung (Fig. 2) con- 
fluence in middle lobe, postero-medial part of upper lobe, and postero-inferior portion of lower. 
Microscopic evidence of chronic process in two areas in right lung, one in upper lobe near root 
and other in middle lobe (this chronic interstitial process, as well as organized pleura] adhesions 
regarded as legacy of respiratory illness 3 months before death). Mediastinal glands large and 
inflamed. Heart dilated on right side. Early acute peritonitis in upper abdomen. Marked 
toxic changes in spleen, liver and kidneys. No evidence of rickets or lymphoid hyperplasia. 
8. Pfeiffer grown in pure culture from heart blood and in mixed culture from lung substance. 

Case III, (Chart A, Plate I, Fig. 3 and 4.) Acute broncho-pneumonia, with widespread 
confluence, of 4 weeks’ duration. Male, aged 1 year. Father unemployed. Three other children. 
Bad home. Artificially fed from birth on boiled cow’s milk. Severe digestive disturbance at 
2 months. Hernia operation at 4months. At 10 months, in hospital for 3 weeks with dyspepsia. 
Subsequent progress unsatisfactory. Readmitted 34 weeks before death, having been acutely 
ill for 3 days. Symptoms at outset mainly gastro-intestinal, but illness obviously respiratory. 
General state of nutrition poor. Acute bronchitis passed into typical broncho-pneumonia. 
Mouth and nasopharynx became septic and double otitis developed. Went steadily downhill. 
For temperature, etc., see chart. 

Post-mortem, body extremely emaciated. Bilateral fibrinous pleural exudate. Very 
extensive broncho-pneumonia in both lungs (Figs. 3 and 4), especially right (Fig. 3). Posterior 
part of each base solid, and throughout rest of lungs large pneumonic patches of irregular shape 
and size, with intervening crepitant areas. Yellow mottling characteristic of confluent broncho- 
pneumonia prominent in solid areas. Smaller bronchi dilated. Mediastinal glands enlarged 
and red, and mediastinal tissues cedematous. No gross dilatation of heart. Very slight toxic 
changes in liver and kidneys. Spleen small. 
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Case IV. (Plate II, Fig. 5 and 6; Plate IIT, Fig. 12; Plate IV, Fig. 13 and 17.) Acute 
broncho-pneumonia, with confluence at bases, of 8 days’ duration. Female, aged 7 months,  Ille- 
gitimate child, adopted by deaf and dumb woman. Fed on cow’s milk and oatflour. No 
previous illness. Admitted to hospital with 4 days’ history of fever, cough and heavy breathing. 
Temp. 105. Pulse 176. Respirations 56. Indifferently nourished. Flushed and distressed, 
with indrawing of lower chest. Crepitations most numerous at bases. Cyanosis a conspicuous 
feature. Steam, oxygen and bleeding of no avail. Died 4 days after admission. 

Post-mortem, much muco-pus in large air passages. Pleural surfaces sticky but without 
definite exudate. Numerous subpleural petechial hemorrhages over pneumonic patches. 
Extensive pneumonia in lower lobes of both lungs (Fig. 5 and 6). Large areas in each lung 
relatively free from pneumonia, but no dubiety as to broncho-pneumonic nature of consolidation. 
Presence of air in connective tissue framework of lung (interstitial emphysema) a conspicuous 
feature at autopsy (shown very well in large sections). Heart muscle pale and soft, and chambers 
greatly dilated. Relatively slight toxic changes in organs. 


Cuart A, 


TEMPERATURE AND Weicut CHarT OF CASE III. 
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Case V. (Plate II, Fig. 7 and 8.) Acute pneumonia of mixed type, of 2 weeks’ duration. 
Male, aged 2 years and a half. Home surroundings good. Bottle-fed (cow’s milk). Much 
trouble with feeding in first year. Always delicate. Late in walking. No previous respiratory 
illness. Chickenpox at 1 year and measles at 2. Made good recovery from latter illness. 
Fatal illness started with series of fits a week before admission. Fevered. No cough noticed 
for first 3 days. No vomiting. Became delirious and developed squint. Thought to have 
meningitis. Small thin child. Semi-comatose on admission. Temperature 103. Pulse 160. 
tespirations 48. Breathing not embarrassed. Consolidation suspected in right upper lobe. 
Cerebro-spinal fluid not abnormal. Later pneumonia obvious in right lower lobe. Child very 





toxic. Died 6 days after admission, having been unconscious for some hours before death. 
Post-mortem, slight icteric tinge in skin and conjunctive. Brain and meninges normal 
except for hyperemia. Very thick muco-pus in upper air passages. Fibrinous pleurisy on 
right side, with 1 ounce of thick pus (pneumococcal) at base posteriorly. Left pleural sac 
normal. Lungs afforded striking contrast. Left (Fig. 8) relatively healthy ; some bronchitis 
and very early broncho-pneumonia. Right (Fig. 7) extensively consolidated. Lower lobe 
totally solid. Greyish red on section. Colour and consistence less uniform than in typical 
alveolar pneumonia. Right upper lobe more irregularly consolidated. One small area 
of pneumonia in middle lobe, Much thick pus in bronchi throughout lung. Condition 
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in lower! obe like lobar pneumonia, with atypical features of severe bronchitis and inflammatory 
infiltration of alveolar septa in certain areas. Condition in upper lobe more suggestive of 
broncho-pneumonia. Mediastinal glands moderately enlarged and pinkish-grey. Some pallor 
of myocardium but no dilatation of heart. Fairly well-marked toxic changes in organs. 

It is suggested that in this case the first development was a perfectly typical alveolar (lobar) 
pneumonia, that the inflammatory process obtained a more than usually severe hold on the 
bronchial walls, and that the disease developed thereafter along the lines of broncho-pneumonia. 

Case VI. (Plate IIT, Fig. 9, and Plate IV, Fig. 18.) Broncho-pneumonia of several weeks’ 
duration, following measles. Female, aged 2 years. Father a hawker. Three other children 
alive, one suffering from abdominal tuberculosis. Another had died of tuberculosis. 
Breast-fed for | year. Very late in cutting teeth (16 months). Always delicate and subject 


to cough. Treated for rickets. Measles 5 weeks before admission. Details of subsequent 
progress uncertain, but evidently had severe cough and lost much weight. On admission, 


very ill and emaciated, with cyanosis, laboured breathing, and troublesome cough. 
Consolidation obvious in both lungs, especially right. Condition thought to be tuberculous, 
but no bacilli in sputum or feces. Died 4 days after admission. Very little pyrexia while 
under observation. 

Post-mortem, much very thick purulent secretion in air passages. Right pleural sac 
obliterated by recently organised adhesions. Left pleural sac healthy. Both lungs extensively 
involved. Right lung (Fig. 9) the more completely consolidated. On section, innumerable 
small sharply defined yellow patches of broncho-pneumonia, with much pus in, and usually 
dilation of, the central bronchiole. Intervening lung tissue collapsed. Features referred to 
well shown in large section (Fig. 9) and in detailin Fig. 18. Left lung very similar, but pneumonic 
patches more discrete, superficially resembling miliary tubercles. Mediastinal glands greatly 
swollen, especially on right side. Toxic changes in organs remarkably slight. No tuberculosis 
in body. 

Case VII. (Plate IIT, Fig. 10.) Pneumonia of mixed type. Male, aged ] vear and 3 
months. Artificially fed on cow’s milk. First tooth at 6 months. At 2 months, had bronchitis, 
and at 8 months a rather severe respiratory illness which was probabfy broncho-pneumonia and 
from which recovery was incomplete. Fatal illness started suddenly 4 weeks before death and 
was regarded as severe bronchitis with the gradual supervention cf pneumonia late in the 
illness. 

Post-mortem, marked emaciation. Acute fibrinous pleurisy on right side. Massive 
consolidation of whole upper lobe of right lung (Fig. 10), which had naked-eye and microscopic 
characters of alveolar (lobar) pneumonia in an early stage. Degree of infiltration of bronchial 
walls in this lobe unusual in alveolar pneumonia, however. In middle and lower lobes, acute 
capillary bronchitis and typical broncho-pneumonia. Left lung much less affected, but the 
seat of bronchitis and a number of patches of combined collapse, oedema and pneumonia. 
Mediastinal glands very large. Heart greatly dilated. Toxic changes in organs not extreme. 
Pneumococci in culture from right upper lobe. 

The clinical record indicates that pneumonia did not become obvious until the patient 
had been ill for some considerable time and the pathological findings are in keeping with this 
observation. It has been very difficult to determine the precise sequence of events in this case, 
but it looks as if a pneumonia of alveolar type had been superimposed on an initial bronchitis. 


SUMMARY. 


1. An analysis of 140 fatal cases of broncho-pneumonia in children is 
presented. The age incidence was :—In the first year, 70; in the second 
year, 48; from two to twelve years, 22 cases. Thus 84 per cent. of the total 
occurred in the first two years. 

2. A description of the morbid anatomy and histology of broncho- 
pneumonia in children is given, based on the appearances of the lungs at 
autopsy and on microscopic study of large sections, 
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3. Of the total (140), 5 cases were atypical or mixed, showing the 
characters of alveolar (lobar) pneumonia in one part and of broncho-pneumonia 
in other parts of the lungs. 

4. The essential pathological process in broncho-pneumonia, and its 
bearing on the clinical features and etiology, are briefly discussed. 
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A STATISTICAL STUDY OF THE RATE 
OF SKELETAL GROWTH IN JUVENILE 
DIABETES. 


BY 


I. M. RABINOWITCH, and ELEANOR V. BAZIN. 


(From the Department of Metabolism, Montreal General Hospital, Canada.) 


The results of this study are recorded, not because we are convinced that 
the findings will apply to a much larger series of cases, but in order that they 
may be tested by others with similarly available data. 

A short time ago Priscilla White', working in Joslin’s clinic at Boston, 
made the interesting observation that children with diabetes tend to be over- 
height, and suggested a causal relationship between rate of skeletal growth 
and diabetes. Though height and weight measurements are made as a routine 
in our clinic for diabetes, we had not observed this. On investigating our 
cases, however, the above mentioned relationship appeared to hold good. 
Of seventy-one children, forty were over-height, with respect to their ages 
on admission to the clinic. An interesting observation was that, taken as a 
whole, the average rate of growth of these diabetic children after treatment 
was instituted was less than the normal. From this observation alone, it 
appeared that whatever the stimulus which produces diabetes in the child 
may be, it also causes excess skeletal growth. This was further suggested 
by the fact that when all children were grouped with respect to their heights 
on admission to our clinic, namely, (a) those who were over-height, and (b) those 
who were normal or under-height, the average rate of growth of those of 
the former group was distinctly less than those of the latter. 

It is obvious that in a study involving skeletal growth there are many 
variables to consider and not all of these are readily controllable. For example, 
standards of measurement vary. A glance at any two of the available tables, 
selected at random, is evidence of this fact. An equally important consideration 
is the magnitude of the number of observations possible in any one clinic. 
In our clinic, as probably in others, children represent only about five per cent. 
of the total number of diabetics. Of all the variables, the above mentioned 
appeared to be of the greatest importance and an attempt was made to overcome 
them in the following manner :— 

In the seventh edition of his book on Diseases of Infancy and Childhood, 
Holt gives two tables with reference to age-height-weight-sex relationships. 
One of these is concerned with average net heights and weights of healthy 
children from birth to four years. The other table records average annual 
rates of increase of height and weight from five to fifteen years. The reason 
the writer has selected these data as standard is that they are based upon 
measurements made by ten different authors. In view of the variability of 
such a factor as body height, it is reasonable to assume that the values given in 
such a compilation are more likely to approximate to true averages than those 
based upon experience from any one source, 
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It is obvious that, with the above data, one can by very simple calculations 
construct a comprehensive table of average heights and weights, and average 
annual increases for the different age intervals from birth to fifteen years. 
This was done and the data obtained were accepted as standards for the 
purpose of this investigation. 

As stated above, the series studied was small, consisting of 71 children. 
This introduces a serious variable. Even if it is assumed that the type of 
frequency distribution with respect to rate of growth is symmetrical, an 
arithmetical mean can be accepted as the most probable value of any quantity 
measured only if the number of observations is large. In order to overcome this 
difficulty as far as possible, the data were treated statistically ; the arith- 
metical means of the different quantities measured were judged by their 
probable errors. 

The raw data consisted of the following in each case :— 

(a) Age of the child on admission to the clinic. 
(6) Present age. 
(c) Height on admission expressed in terms of inches. 
(d) Present height expressed in terms of inches. 
(e) Increase of height during period of observation, expressed 
(i) in terms of inches, and 

(ii) as percentage of normal. 

Where fractions of years were involved, in order to approximate true 
values as closely as possible, the ‘expected’ heights were calculated from 
expected monthly increases of growth. 

As stated above, of these 71 children, 40 were found to be over-height on 
admission ; also the average rate of growth of the whole group after treatment 
was instituted was 82 per cent. of the normal. When, however, the subjects 
were divided into two groups, namely, (a) those over-height on admission, and 
(6) those normal or under-height, the respective average rates were 75-6 and 
90-8 per cent. In other words, it would appear that though there was a 
decreased growth rate in the whole group, this decrease was marked amongst 
the children who were over-height. 

It will be noted that the difference between the means (averages) of the 
two groups was 15:2% Was this difference significant ? In order to determine 
this, calculations were made with respect to the probable error of each mean 
and the ratio of the difference between the means to the probable error of this 
difference. The value of the latter ratio was 2-2. In other words, the odds 
against the occurrence of this difference of 15-2° between the means of the 
two groups being the result of chance are about 6-2 to 1. 

The above data were shown to Professor Raymond Pearl who was kind 
enough to make the following observations. ‘‘ What, if any, evidence have 
you that non-diabetic children who are over-height do not grow more slowly 
than non-diabetic children who are normal or under-height, in any given 
interval during the growth period after observation begins ? I should expect 
that over-height children observed at any moment would, in any given short 
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time after that moment, grow at a less rapid rate than normal under-height 
children. In short, what evidence is there that diabetic children are peculiar 
in this respect of growth rates in relation to height at the beginning of the 
observation ?”’ Fortunately the necessary data were available to meet this 
At the Ladies’ Benevolent Society of Montreal* height and weight 
measurements are made every three months amongst their children. 

In order that the diabetic and non-diabetic data may be comparable, 
71 normal children were selected at random and in each case similar information 
was obtained as about the diabetics. 


criticism. 


The results of the comparative statistical 
study are summarized in the accompanying table. 


TABLE. 





SUMMARY - OF COMPARATIVE STATISTICAL STUDY OF SKELETAL GROWTH RATE OF NORMAL AND DIABETIC CHILDREN. 











} 
. | Probable a Ratio of differ- 
Number, Average rate Standard error of of difference °M°e between 
Group of of growth (per | deviation Mean between Means Means to pro- 
cases | cent.of normal) (s) 0-6745 co / MM, 2 (M,) bable error of 
(M) / srs \"*" their difference 
‘/n 
NORMAL CHILDREN 
Over-height when first seen 25 112-1 16-6 2°17 } 9.17 0-83 
Normal or under-height 46 110-3 19-8 1-98 
DIABETIC CHILDREN 
Over-height on admission ... 40 75-6 32-4 3°30 } 6-90 2.20 
Normal or under-height 31 90-8 52-8 6-06 
OvER-HEIGHT— 
Normal children 25 112-1 16-6 2-17 ay $04 9-10 
Diabetic children 40 7545 32-4 330 if -- 
NORMAL OR UNDER-HEIGHT— 
Normal children 46 110-3 19-8 1-98 } 6-10 3.9 
Diabetic children 31 90-8 52-8 6-06 
\ 














DISCUSSION. 


The data in the table show a definite difference between the average rates 


of growth of the normal and diabetic children. 


over-height on admission to the Home of this Society continued to grow more 
Their 
Of the diabetic children 


rapidly than the normal, at least during the period of observation. 
average rate of growth was 112-1°% of the normal. 


The normal children who were 


whe were over-height on admission to our clinic, the average rate of growth 


* The writers are indebted to Miss G. Towers, Secretary of this Society, who made the 
data available for study, and to Dr. M. C. C. Childs, its medical officer, who was responsible for 


the necessary collection and assortment of the data prior to their statistical treatment. 
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was only 75:6°% of the normal during the period of observation. That the 
difference between these two means was not accidental may be seen from the 
ratio of the difference between these means to the probable error of their 
difference. This was 9-1. In other words, it is practically certain that the 
difference noted between the diabetic and non-diabetic children was not the 
result of chance. 

Amongst the children who were either normal or under-height, there is also 
a definite difference between the diabetic and non-diabetic group. It appears 
that the average rate of growth of the diabetic children after treatment was 
instituted was less than the normal: whereas, amongst the non-diabetic 
group it was above the normal. Here, again, there is statistical proof that 
the difference noted between the means was not the result of chance. The 
ratio of the difference between the means to the probable error of their 
difference was 3-2. In other words, the odds against the occurrence of this 
difference being the result of chance are about 31 to 1. 

The above findings suggest that whatever the stimulus is that causes 
diabetes in children, it is also responsible for excess skeletal growth. In view 
of our present knowledge of the relationship between skeletal growth and the 
anterior lobe of the pituitary gland, and the alleged association between that 
part of the gland with the sympathetic nervous system, the question arises :— 
Is diabetes, occurring in children who are over-height, of pituitary origin ?* 
Two important factors must, however, be considered here. First, the conclusion 
is statistical and does not apply to any particular individual. Secondly, the 
number of observations which have been made were small. This of necessity 
has to be so since the number of diabetic children in any one clinic is small. 
The only purpose of reporting these results, as stated before, is to draw 
attention to this phenomenon, in order that others with similar available data 
may repeat the observations made. 

It is obvious, in order that the results of future observations may be com- 
parable with our own, the same methods of study must be applied. 


REFERENCE. 
White, P., J. Am. Med. Ass., Chicago, 1927, LXX XVIII, 170. 





* Because of this observation, X-ray examinations are now being made as a routine in all 


of our diabetic children. Unfortunately, as far as we are aware, exact anthropological measure- 
ments of the sella turcica are not on record for comparative purposes. If, however, there is 
anything in this suggestion, one may find differences between the over-height and under- or 
normal height diabetic children, or between over-height diabetic and over-height normal 
vhildren, 
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GLUCOSE TOLERANCE. 





I. 






Within recent years glucose tolerance has been used as a means of in- 
vestigating disturbances of carbohydrate metabolism, especially when following 
disorders of the endocrine system. In such tests it has generally been accepted 
that a normal adult, of about 60 kgrm. weight, can ingest and metabolize 
100 grm. of glucose without the appearance of glycosuria. The ability to deal 
with more than this amount is considered evidence of an increased carbohydrate 
tolerance, and the presence of glycosuria following the ingestion of less than 
100 grm. points to a decreased tolerance. In the case of children it has been 
customary to consider that there is an increased carbohydrate tolerance if 
more than 2 grm. of glucose per kgrm. ot body weight can be ingested without 












the appearance of glycosuria. 

This view of carbohydrate tolerance has not, however, met with universal 
acceptance. Samson Wright! says “It is difficult to understand the term 
‘increased sugar tolerance,’ which is so frequently used, since nausea develops 
before the limits of ingestion are reached.” He also states that a proportion 
of subjects develop very slight glycosuria with 300-500 grm. of glucose. Taylor 
and Hulton? consider that in the majority of healthy adults there is no limit 
to the assimilation of glucose, but a survey of their findings shows that in 6 
of their 25 cases glycosuria appeared with 200 grm. Gray®* in his paper on 
‘ Blood Sugar Standards’ points out that of 129 apparently normal persons 
40°, showed glycosuria with 100 grm. of glucose, and Goto and Kuno‘ also 
noted glycosuria after the ingestion of a similar amount in 62% of their cases. 
Benedict and Osterberg®, who hold that there is no absolute tolerance for 
sugar in the normal individual, report glycosuria in two cases after 40 and 60 













grm. of glucose respectively. 

In the present paper are recorded the results of the glucose tolerance test 
in 39 children varying in age between 1} years and 12 years. In 28 (Group I) 
of these 39 children there was no reason for suspecting any disturbance of 
carbohydrate metabolism, but the remaining 11 children (Group II) were 
suffering from diseases in which it is generally supposed that such a disturbance 









exists. 

The majority of the 28 children comprising Group I were suffering from 
chorea, but there were also 3 patients convalescent from rheumatic arthritis, 
2 suffering from teniasis, and one case each of rheumatic pericarditis, con- 
valescent pneumonia, chronic pneumonia, congenital syphilis, chloroma and 
















* This work was done during the tenure of a Muirhead Scholarship. 
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rickets. The children with chorea and those suffering from rheumatic in- 
fections were receiving daily 90 grains of sodium salicylate and 180 grains of 
sodium bicarbonate. These drugs, however, were omitted during the day of 
the test. Group II was further subdivided according as to whether or not 
it was possible to break the tolerance (Tables I and II). The test was dis- 
continued when the child was actively sick with an amount of glucose larger 
by 1 grm. per kgrm. of body weight than that tabulated. Seven of the 
children could not be induced to take more glucose than that recorded because 
of the fear that they would be sick. 

The glucose, in amounts varying from | to Il grm. per kgrms. of 
body weight, was given in place of breakfast after an all-night fast. The 
urine was collected afterwards for 4 hours at hourly intervals and tested for 
sugar with Fehling’s solution. When there existed any doubt about the result 
the phenyl-hydrazine test was also carried out. 


Group I. Glucose tolerance test in 28 ‘ normal’ children. 

Table I gives the details of the four cases in whom glycosuria was produced, 
and of these A.H. is the only one whose sugar tolerance can be said to be 
markedly reduced. This patient was examined daily for glycosuria for a 
period of two months, but the tests were always negative, and he never showed 
any symptoms of diabetes. The blood sugar curve after 22 gim. of glucose 
reached a value of 0-208% in one hour, but fell below the fasting level in 
2 hours. The tolerance in the other three cases was broken with quantities 
of glucose equal to 4, 5, and 6 grm. of glucose per kgrm. of body weight 
respectively. 


TABLE I. 


CASES IN WHICH GLYCOSURIA OCCURRED. 








Glucose per Amt. of | Sugar 
Case Sex Age. Weight kgrm. of glucose. Disease in 
Years Kgrm. body weight Grm. urine 
A.H. M. 103 21:8 1-0 22 Chorea Trace 
D.T. M. 10 25-1 4 105 Chorea 
J.C. F. 5 17-5 5 88 Rheumatism 
E.McC. F. 8 20:1 6 121 Chorea Trace 





All but one of the cases in Table II were able to take more than 2 grm. 
of glucose per kgrm. of body weight without either nausea or the appearance 
of sugar in the urine, and 16 of the 28 (57°) were able to ingest a total of 
100 grm. or more without glycosuria. The amount of glucose which children 
‘an take without nausea varies enormously, and seems to have little or no 
relationship to age or weight. The quantity varied from 30 to 270 grm. One 
child of 3,5, years took a total of 110 grm. of glucose (i.e., 11 grm. per kgrm.) 
and another child of 103 years was able to take only 67 grm. (i.e., 2-5 grm. 


per korm.) without nausea and sickness being produced. This fact (that of 
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nausea) complicates any conclusions which may be drawn regarding sugar 
tolerance. 19 of these 28 children were able to take 4 grm. of glucose per 
kerm. of body weight without glycosuria, and only in 2 of the 28 cases was 
the sugar tolerance broken with this or a lesser amount (1 grm. per kgrm. 
of body weight). It may therefore be generally concluded that the majority 
of normal children are able to ingest an amount of glucose equal to 4 grm. 
per kgrm. of body weight without glycosuria resulting. 


TABLE II. 


CASES IN WHICH NO GLYCOSURIA RESULTED. 





Glucose per Amt. of 





Case Sex Age. | Weight  kgrm. body glucose. Disease 
Years Kgrm. weight Grm. 

J.W. | M. 43 | 14:8 2 30 Chr. pneumonia 
J.McL. M. 104 | 26-8 2:5 67 Rheumatism 
KC. F. 54 16-4 3 49 Pericarditis 
LW. F. 213 11-8 3 36 Conv. pneumonia 
J.F. M. 12 | 27-12 3-5 100 Severe chorea. 
NG. | F. 10 | 26-36 35 100 . . 
M.H. F. 1] | 28 3:5 100 V. slight chorea 
SM. | M. 114 | 25-7 4 105 Severe chorea 
W.D. M. 10 24-2 4 100 Tapeworm 
J.M. F. 1} 8-2 4 33 Chloroma 
M.M. F, 9 19-6 4 80 Chorea 
M.F. F. 7 18-83 4 76 _ 
FF. M. 9 25 4 100 a 
MF. F. 10 23 4 100 
J.H. M. 103 27°8 4 112 2 
A.McK. F. 12 | 23-6 4 100 Tapeworm 
J.McL. F. 10 21-5 4-5 100 Chorea 
JM. M. 7 19-4 4-5 0) a 
M.T. KF. 12 23 6 138 - 
G.G. F. 64 20 6 120 ” 
M.B. F. 54 15°8 8 128 Neuro.-syphillis 
R.McG. F. Bt: 15 8 120 Chorea 
R.MeM. M. 11 27 10 270 Rheumatism 
W.K. M. 312 10 1] 110 Rickets 





Group II. Glucose tolerance test in 11 ‘abnormal’ children. 


Group II includes 11 cases in which some disturbance of carbohydrate 
metabolism might be expected and the results are detailed in Tables III and IV 
respectively according to whether glycosuria was produced or not. The doses 
of glucose taken by the cases in Group II are unfortunately on the whole 
much smaller than those taken by the children in Group I. None of the 
cases in Group II was able to take as much as 100 grm. of glucose without 
nausea and vomiting,and hence it is just possible that had those cases which 
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TABLE III. 


CASES IN WHICH GLYCOSURIA OCCURRED. 








Glucose Amt. of | Sugar 
Case | Sex | Age. Weight §perkgrm.. glucose. Disease in 

| Years Kgrm. of body wt. Grms. urine 
J.McG. M. 1] 28 l 29 ’ Pituitary tumour 
W.W. | M. 12 53 | 1-5 79-5 Ps-hyp. musc. dyst. 
DF. | F. 51s 9-67 | 3°7 36 Dwarf. 7 Renal 
A.McG. | M. 6 1263 | 5-5 70 Dwarf 
J.McM. | M. 7 Wd | 65 75 Dwarf 
MH. | F. 3i2 848 | 7 59:5 | Dwarf 











did not show any sugar in the urine (Table IV) been able to ingest larger amounts 
of glucose, their sugar tolerance would also have been broken. In 5 of the 
11 cases (54%) glycosuria resulted with amounts of glucose varying from 1 to 7 
grm. per kgrm. of body weight. 


TABLE IV. 


CASES IN WHICH NO GLYCOSURIA RESULTED. 








| Glucose per Amt. of 
Case | Sex Age. Weight | kgrm. of glucose. Disease 
Years Kgrm. body weight | Grm. | 
| S. 
A.McM. is 1] 38-4 | 2:1 | 80 | ’ Pituitary disease 
C.V. M. 24 10 3 | 30 ’ Pituitary tumour 
AS. F. 3} 7-4 3 23 Dwarf. Improved 
| on pituitrin 
D.H. M 113 14-6 | 5 | 73 | Dwarf 
N.O. M 6 11:8 | 6 | 72 | Dwarf 





DISCUSSION. 


A comparison of Groups 1 and II does not permit of any definite con- 
clusions but it is clear that the normal child can take a large quantity of 
glucose without glycosuria supervening. The significance of the low sugar 
tolerance (1 grm. per kgrm.) presented by J.McG. (Table III) who showed 
signs of pituitary tumour (optic neuritis and enlarged sella turcica) is counter- 
balanced by. that in the case of A.H. (Table I) who seemed, apart from chorea, 
to be perfectly normal. Hence it is not justifiable to hypothecate any endo- 
crine disturbance in the presence of either an increased or reduced sugar 
tolerance. 

Seven of the cases in Group II were dwarfs, and in 4 of these the tolerance 
was broken, but since 3 were able to ingest quantities of glucose exceeding 
5 grm. per kgrm. of body weight it cannot be said that a reduced sugar tolerance 
is necessarily to be expected in cases presenting any special lack of growth. 
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Il. THE BLoop-suGAR CuRVE AND RENAL THRESHOLD. 

The effect of a large quantity of glucose on the blood-sugar curve of 10 
apparently normal children was studied. The details of the results are given 
in Table V. Eight of the children were recovering from an attack of chorea, 
one (Case 6) was convalescent from rheumatic arthritis and another (Case 5) 
had recently been treated for tapeworm, but during the period of study there 
was no sign of segments or ova in the feces. All the children with one 
exception (Case 5) were receiving 90 grains of sodium salicylate and 180 grains 
of sodium bicarbonate daily, but this was omitted on the morning of the day 
of the test. On one occasion, by inadvertence, a child received 15 grains of 
sodium salicylate and 30 grains of sodium bicarbonate immediately after the 
glucose had been given. The blood-sugar curve obtained on that occasion 
did not differ in any marked degree from that obtained when the test was 
repeated with glucose alone. During the period of study the children were 
confined to bed and received the routine mixed diet. One gramme of glucose 
per kgrm. of body weight was given for the first test, and some days 
later, for the second test, a total of 100 grm., excepting in cases 8 and 10 where 
121 and 88 grm. were given respectively. MacLean’s* method was used to 
estimate the blood-sugar values. The urine was collected, where possible at 
half-hourly intervals, and tested for the presence of sugar. 

The generally accepted normal fasting blood-sugar value in the adult 
lies between -07°, and -120° with an average value of -100%. Bass? found 
in a series of normal children that the fasting level did not differ from that of 
adults. In the cases reported here the fasting value of the blood-sugar varied 
from -067°% to -166%, the average being -106°%. Only three children gave 
fasting values above the accepted adult maximum value of -120%. Each of 
these latter cases was observed for a period of three months in hospital, but 
during that time presented no evidence of disturbed carbohydrate metabolism. 
In one (Case 9) the high value of -152°, was exceptional, since on eight other 
occasions on which the fasting value was estimated, it was found to lie between 
‘082°, and -103%. Gray* in his review of the literature found that 7% of 
900 apparently normal individuals had a fasting blood-sugar value within 
the limits of -120°% and -160°, so that these high fasting values, though 
unusual, need not necessarily be considered pathological. 

The duration of the starvation did not seem to affect the fasting level, 
the average value being -106°%, after an 8 hours’ abstinence from food and 
“107° after after a period of 15 hours. It was also noted that this fasting 
level was not constant, but varied somewhat on the different days on which 
it was estimated, as can be seen from the details given in Table V. Other 
observers have noted this same fact. Hale-White and Payne® found that the 
same individual did not give similar types of curves on different occasions. 

With one exception, the peak of the curve, after the smaller amount 
of glucose (1 grm. per kgrm. of body weight) occurred within the ‘hour. The 
average highest value reached was -173°, the maximum and minimum being 
204°, and -141°% respectively. Generally speaking the results agree with 
those obtained by MacLean* and other workers for the normal adult after a 
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TABLE V. 
BLoop-SuGAR Curves 1N NorMAL CHILDREN. 
| Percentage of sugar in the blood 
Amt. of Dur. of NS ete Sugar 
Case | Weight glucose | fast in Fast- Hours after glucose in 
No. | Kgrm. in Grm.| hours. ing |_— oe —-- urine 
4 ] 1} 2 2} 3 
l 27-2 28 8 ‘106 «-166 «204-189 162 = Absent 
100 8 ‘102-211 -227 = -217 193-166 - og 
2 22°8 23 15 ‘141-152 -196 -172  -129 - - 
100 15 ‘166-191 193 -226 = -234 19] 
3 26-36 27 15 109-115-137 ‘141 125 - 
100 15 ‘(090 = -162 = -202 216 -181  -198 ee 
4 28-04 28 15 ‘100 +125 «-152.)—-109~—s 1221 - ‘3 
100 15 ‘100-179 ‘179 ‘191 -129 ‘131 — ei 
5) 22-6 24 8 ‘119 -204 -196 -158 -111 - 
| 100 15 098 -214 -243 -286 -296 -196 
: ET ee Ee Se, 
6 | 26-7 27 8 113 -137)—-147.”—s -(14 1 ‘109 ss 
100 8 ‘106 = -184 -177 = -141 ~~ -108 99 
7 25 25 15 | 127 -18] ‘189 -123 -14!1 - 
100 | 8 ‘100-250 -310 -270 -207  -139 . 
| oe 
8 20°16 at. Ci 8 ‘110 +-174 «#-193 -168 = -094 Absent 
| Abs. at $ 
& 1 hr. 
12] 8 O72 -207 246 225—is 211 — + at 14 
hrs. 
9 | 21-6 22 15 (095 -179 -159 -129 -113 — - Absent 
Abs. at 4, 
100 8 152 256 ~~ 341 321 ‘264 -241 -196 . at 1 
& 3 hrs. 
100 8 102. -211 = =-:239~—s -268 251 211 Absent 
10 17°8 18 15 067 -129 -113 -O81 _ Absent 
Abs. at - 
| & 1 hr. 
88 8 088 — -182 -286 -213- - —- | |-+- at 14 
|} rs. 
88 15 ‘O88 “184 -216 “184 -168 — — | Absent 


| 





meal of 50 grm. 
to the fasting level. 


of both these factors. 


of glucose, except that the curve does not return so quickly 
This may be due to the relatively larger amount of glucose 
which the children ingested, or to the longer fasting period, or to a combination 
It is well known that a second dose of glucose, ingested 
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during a falling blood-sugar, produces a very slight (if any) secondary rise. 
This is usually explained on the hypothesis that the carbohydrate storage 
mechanism of the body is already mobilized and able to deal immediately 
with the second quantity of glucose. Since many of the workers including 
MacLean and De Wesselow® have used fasting periods of only 3 to 5 hours, 
it may be that the carbohydrate storage mechanism was in their cases not yet 
demobilized and could deal quickly with any glucose ingested, hence the 
more rapid fall to fasting level recorded by these workers than was found 
in our series in which the fasting period was either 8 or 15 hours. It has not, 
however, been universally accepted that the fasting level should be reached 
within 2 hours. Some observers accept 3 hours as the time interval, and Hale- 
White and Payne® suggest that a value of -120°% is quite within normal limits 
at the end of 2 hours. 

With the larger amounts of glucose somewhat different results were 
obtained. The maximum value obtained was very much higher, the average 
value being -25%, and the maximum and minimum -341% and _ -184% 
respectively. The maximum value was attained in 50°, of the patients at a 
time later than was the case after the small dose of glucose. In only one 
instance (Case 6) was a curve produced resembling that described by MacLean‘ 
for adults after 50 grm. of glucose. MacLean and De Wesselow® maintain 
that in normal individuals the height of the curve cannot be raised above the 
maximum -:18°%, by large doses of glucose, though the fall may be delayed. 
Hale-White and Payne’, however, report blood-sugar curves rising above 
‘180° with doses larger than 25 grm., and Foster'!® quotes 3 cases where the 
blood-sugar curve rose to -214°% in 30 minutes, -204°% in 35 minutes, and 
‘201% in 45 minutes respectively after 100 grm. of glucose. Gray* in his 
analysis found in 300 normal cases a large number in which the blood-sugar 
curve rose to values between -20°% and -25°%, with 100 grm. of glucose. 

From the relationship between the blood-sugar level and the glycosuria 
in this series of normal children, the renal threshold would seem to be very 
high in comparison with that obtaining in the adult. The average value of 
the renal threshold in all the cases lies above -238°%,. In Cases 8, 9 and 10 
the value can be fairly definitely fixed. In Case 8 it is above -:246°%; in 
Case 9 it lies between -268°%% and -341°%: and in Case 10 between -216% 
and -286°. The test, with the larger dose, was repeated 4 and 6 days later 
in Cases 9 and 10 respectively. The resulting blood-sugar values were not so 
high as those obtained with the previous test, and no sugar appeared in the 
urine. Besides enabling a more definite value to be placed on the renal 
threshold in these two cases, these results point to the variability of the 
tolerance for glucose in the same child on different occasions. The values 
296% and -310°% in Cases 5 and 7 respectively are exceptionally high. 

It might be said that the blood-sugar did not remain at these high levels 
sufficiently long for sugar to appear in the urine in amounts possible of 
detection by ordinary clinical tests. But in Cases 2 and 3 the level of the 
blood-sugar was above -200° for at least one }-hour, in Case 1 for one hour, 
in Cases 5 and 7 for 2 hours and in Case 9 for 3 hours. It can be seen, therefore, 
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that this criticism is not valid, the time during which the blood-sugar was at 
a high level being sufficiently long for sugar to have been excreted in easily 
recognizable amounts. 

Glucose has been regarded by the majority of workers as a threshold 
substance, though Benedict and Osterberg® maintain that there is no absolute 
threshold for glucose and no sudden point at which sugar appears in the urine. 
MacLean and De Wesselow® consider the level of the renal threshold as 
‘180° ; Olmstead and Gay"! and Graham" place it at -190°%. Hale-White 
and Payne® suggest that -20°, would be a more reasonable value to consider 
as the maximum normal renal threshold. MacKay'*, who examined the 
blood-sugar of 44 patients during anesthesia, found that of 30 subjects who 
developed glycosuria, 37° had maximal blood-sugar values of less than -180°%%. 
In 14 of the cases in whom glycosuria was not produced, 86° had maximal 
values varying between 180% and -386°%. In the estimation with the maximal 
rise of -386°%, the blood-sugar remained above -200°, for 4 hours without 
any sugar appearing in the urine. MacKay'* suggests that the renal threshold 
may vary considerably in different individuals, and Greenwald, Gross and 
Samet, who also subscribe to this view, think that the threshold may vary 
in the same individual at different times. Graham" mentions one case, but 
without any particulars, where a blood-sugar value of over -300°% was obtained 
without glycosuria. Host! found that of 14 normal women two gave a 
maximal value of :200°% without glycosuria resulting. 

The examples from the literature quoted above show that a higher renal 
threshold than -180°% does exist in the normal adult and that it may be even 
above +20°%, but no cases have been described where, after ingesting glucose, 
such typically diabetic curves have been obtained as are described in the 
present series of cases, where 80° showed a high renal threshold and diabetic 
type of curve. It must be remembered, however, that blood-sugar curves, 
following amounts of glucose relatively as large as those given to the children 
in this present series (7.e., roughly 4 grm. of glucose per kgrm. of body 
weight), have rarely been estimated in the adult. It is therefore possible 
that if the adult could take such relatively large amounts (240 grm.) without 
nausea and sickness, the blood-sugar could be raised in a proportion of cases 
to an unduly high level without the production of glycosuria. The renal 
threshold in the majority of diabetics lies well above :20°%, and it has generally 
been assumed that this has been raised above the normal. In the normal 
child there is obtained after large amounts of glucose a blood-sugar curve 
which resembles that met with in diabetics after a small quantity of glucose. 
It might be suggested, therefore, that in a certain number of cases of diabetes 
mellitus the level of the renal threshold for sugar has not been raised but is 
at its normal level. 


SUMMARY AND CONCLUSIONS. 


1. In children, apparently normal as far as carbohydrate metabolism is 
concerned, so-called ‘sugar tolerance’ is very variable. In most cases 
glycosuria cannot be produced by any amount of glucose that can be ingested 
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and absorbed, but the sugar tolerance has been broken by a quantity as low 
as 1 grm. per kgrm. of body weight. As much as I1 grm. of glucose 
per kgrm of body weight can be taken without glycosuria supervening. 

2. In disturbances of the endocrine system, and in cases showing any 
special lack of growth, no clear cut conclusions as to the finding of either a 
decreased or an increased sugar tolerance can be drawn. 

3. In children, with amounts of glucose equal to 1 grm. per kgrm. 
of body weight, the blood-sugar curve is similar to that found in adults. With 
larger quantities of glucose the curve is, in the majority of cases, at a much 
higher level, and the fall is delayed beyond 2 hours. 

4. The renal threshold for sugar would seem to be variable but to lie 
somewhere in the region of -23°% in the majority of children. 
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In the past few years we have observed a series of cases with major con- 
vulsions of epileptiform character, preceded or accompanied by a fever and 
an infection. The urine contained acetone in all the cases tested. 

A series of twelve such cases has been analysed with the object of 
ascertaining (1) whether these cases are true epilepsy or whether they usher 
in epilepsy, and (2) what is the causation, prognosis and best treatment. 

The usual history obtained from the mother was that an apparently 
healthy child had had a series of fits at intervals varying from a few weeks 
to many months, in each case accompanied by fever. Each series of con- 
vulsions lasted from a few minutes to even twelve hours, the child being in 
some instances in a status epilepticus. During the intervals between the 
feverish attacks the child was quite normal, and on examination no mental 
or physical abnormalities could be detected. 


The sex incidence showed 8 females and 4 males. Regarding the age 
incidence, it will be seen from the accompanying table that in 9 of the 12 
cases the convulsions commenced under the age of 25 vears, that is, during 
the period of the first dentition. 


The average period over which these recurrent fits were observed was 2 
years. In 3 cases there were 3 fits only, in 2 cases there were 8 fits. In the 
12 cases there were 63 fits, an average of 5-25 fits per patient, with an average 
of 44 months between attacks. 

The commonest cause of the convulsions appeared to be a tonsillar or 
naso-pharyngeal infection, which occurred in 10 of the 12 cases. At times 
it was described as a feverish or bilious cold, and vomiting was a very pro- 
nounced feature of many of the attacks. Reviewing the diet, in 50% of the 
cases the children were being grossly overfed on fats in the form of milk, 


cream, butter and eggs. 
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CASES OF RECURRENT EPILEPTIFORM CONVULSIONS. 








| | 
Case | Age Sex, Age at Period Number Average Septic | Diet Remarks 
onset | of fits of fits interval foci 
No. Yrs Yrs. Yrs. 
] 540 OM. tt 34 7 6months T. & A. | Ketogenic 
2 5} M.; 1 34 6 7 4 T. & A. ” 
3 a F. 34 14 5 f ws — — | Bilious at- 


tacks often. 


{ 3, I 2} I 8 6 weeks TT. & A. — 

5 8| Kk 8175 13 3 3 months — Ketogenic 

6 21°: KF. lie ‘3 5 I i TT, & A, —: 

7 34 F. 14 l 3 4 T. & A. Ketogenic 

8 34 M.| 2} 1 8 ] T.& A. " 

9 170M. l 2 3 8 ,, T.& A. — T. & A. t3 
ago. No fits 
since. 

10 Gyo =F. 41's 1's 6 Ll T. @& A, oo T. & A. 1 yr. 

! ago. No fits 
since. 

l1 3:5 F. he li: { S « T. & A. Ketogenic , Diet changed 
= ago. No 
fits since. 

12 1h ly 2; 5 7 » |T.& A -— 





DISCUSSION. 


Type of attack. Is this epilepsy? In favour of such a diagnosis is the 
fact that the attacks are recurrent and of a typical epileptiform character. 
Against true idiopathic epilepsy one notes that the children remain mentally 
and physically normal. In addition each attack is accompanied by fever, 
and, on the whole, the attacks are well spaced, an average of 44 months inter- 
vening. In true epilepsy an attack is accompanied by very little general upset 
and the child is about again quite quickly. Fever is exceptional; in fact, 
with fever and acetone production, as in broncho-pneumonia and measles, 
true epilepsy seems to cease. The institution of ketogenic diet therapy '° has 
been shown to give good results, epileptic seizures disappearing completely 
in 33°, of children treated. As in the diabetic, so in the epileptic, an abnormal 
diet establishes the optimum condition of general well-being. In the present 
series of cases the state of the blood appears to be the direct antithesis of that 
of the epileptic. 

Do such recurrent attacks as are here described lead to epilepsy ? Con- 
sideration of this aspect of the question is of prime importance if it is true that 
one-eighth of all cases of epilepsy commence during the first three years of 
life, and 28% of cases of infantile convulsions merge directly into epilepsy in 
later childhood*. From our experience we do not consider these cases 
become epileptics. 
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Causation. The period of onset, that of the first dentition, is also the 
period at which tetany and spasmophilia are most common. This possibility 
as an etiological factor can be set aside as further convulsions have occurred 
in all cases at an age well beyond that at which rickets could play an exciting 
part. 

Whether the deciding factor in each case is the presence or absence of 
acetone bodies in the blood or cerebro-spinal fluid is of the greatest importance. 
Certainly accompanying almost every febrile disturbance there is a greater or 
less degree of acetone excreted in the urine, and in all those cases in which the 
child’s urine could be tested during an attack, the presence of acetone was 
detected. In several instances a fair degree of acetonuria was present during 
the intervals between fits also. We think it possible that during the actual 
attack the cerebro-spinal fluid contains a high concentration of acetone. 

Evidence in favour of the suggestion that acetone, or some accompanying 
chemical product, is the exciting cause of the convulsions is furnished both 
experimentally and clinically. Parsons**, working experimentally in the 
Chiidren’s Clinic at the Massachusetts General Hospital has shown that in 
rabbits acetone causes unconsciousness, complete anesthesia, and in large 
doses death; the symptoms can be alleviated and death averted by the 
intravenous injection of glucose solution. Morris and Graham‘ of Glasgow 
have shown that acetone, injected intravenously into rabbits in doses above 
0-8 c.em. per kgrm. of body weight caused them to become stuporous and to 
lie unconscious for a short period. With very large doses convulsions of a 
clonic type were observed. Clinically, infections in children on an anti- 
ketogenic diet produce much less disturbance or elevation of temperature 
than in those on a ketogenic diet, and the former have also less acetone 
production. In addition the following case is of interest :— 

P.H., aged 3, has had 3 fits at yearly intervals, in each case accompanied by fever. In this 
third attack she had been unconscious for 4 hours. Lumbar puncture by one of us (D.P.) 
revealed a clear fluid under pressure, which gave a marked reaction to Rothera’s test, showing 
much acetone to be present. The cerebro-spinal fluid was in other respects perfectly normal. 

Such data, both experimental and clinical, cannot fail to impress the 
observer with the possibility that the acetone bodies produced by mild 
infections in childhood may be predisposing or exciting factors in the «etiology 
of these convulsive seizures. 

Prognosis and treatment. In our experience the prognosis in these cases 
depends upon the possibility of, or the success in, removing the causes of the 
febrile disturbance. In all the cases we have observed the children have 
remained in a perfectly normal state, both mentally and physically, and in 
some cases,a change of diet or removal of some septic focus has led to a total 
disappearance of the fits. Great care should be taken to attend to carious 
teeth, infected tonsils or sinuses, and to place the child in proper surroundings 
in the country or at the seaside. At the same time a diet should be instituted 
which is well-balanced and anti-ketogenic, that is, does not contain a high 
‘atio of fat to carbohydrate. We would suggest that the milk should be 
reduced in quantity and skimmed, and the eggs should be kept down to three 
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in a week or less. No extra cream should be given and butter allowed in 
moderate amounts only. At the same time a liberal supply of carbohydrate 
is to be advised. Such a régime in several of our cases appeared to be 
eminently satisfactory, but it must always be remembered that there is a 
tendency for the fits to recur with any chance infection, and the prognosis 
must accordingly be guarded. 

The prognosis as regards mentality is good, in contra-distinction to that 
in true idiopathic epilepsy. 


CONCLUSIONS. 


1. Major convulsions of an epileptiform character may accompany 
infections with acetone production both experimentally and clinically. 

2. Such children neither show nor develop any physical or mental 
abnormality. 

3. There is a tendency for such seizures to recur. 

4. Removal of all possible septic foci and the institution of a well- 
balanced, anti-ketogenic diet, play a major role in the successful treatment 
of these cases. 
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THE INTELLIGENCE OF EPILEPTIC 
CHILDREN. 
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(From the Medical Department, Royal Hospital for Sick Children, and the 
Psychology Department, Jordanhill Training College, Glasgow.) 


Although epilepsy was known. to Hippocrates, there is a strange lack of 
precision in our knowledge, not only of its etiology, but of the mental dis- 
turbances associated with it. Carver* has suggested that anatomical, 
physiological, psychological and other factors may all contribute to the 
production. of the epileptic syndrome. In what we know of the mentality of 
epileptics there is much that seems contradictory. On the one hand, it is a 
common belief that some of the most distinguished figures in history, as, for 
instance, Napoleon, Julius Cesar, Mahomet, and Byron, suffered from the 
‘falling sickness *: on the other, it is well-known that subnormal mentality 
is common among epileptics. It is true that the meagre information we have 
of these cases suggests that some of them do not answer to what is now com- 
monly called epilepsy. Mahomet’s symptoms, for example, were those of 
hystero-epilepsy, and Cameron® has suggested that Byron suffered from a 
mild form of spastic paraplegia; but it is probable that some of them were 
genuine epileptics. 

Many writers have commented on the high frequency of mental abnormality 
among epileptics, and a few have measured it by means of intelligence or other 
tests. Shanahan! found that of those in Craig Colony, New York, only 10% 
were mentally normal or approximately so ; 15°, he thought had deteriorated 
from apparent normality, while 75° were from the first defective. Lowenstein’ 
tested 16 cases with the Yerkes-Bridges intelligence tests and found only 6 


subnormal; some were distinctly superior, and three showed the typical 


epileptic constitution, in that they were emotional, suspicious and irritable. 
Cookson’ in a study of 100 children between the ages of 6 months and 11} years 
found a more or less marked mental deficiency in 26. He writes :— 

Where mental deficiency was present, it had been noticed as early as the fits; in two cases 
mental impairment was stated to be progressive: of the mentally defective cases eight were 
born precipitately, six had spastic diplegia, one was a mongol, one was regarded as a post- 
encephalitic mental defective, and two were microcephalic. 


It should be remembered, however, that the occurrence of epileptiform 
seizures in most types of mental deficiency is well known; they depend on 
some gross cerebral lesion and must be distinguished from idiopathic epilepsy 
which is the condition forming the subject of the present communication. 
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Fox’ examined 150 epileptic children of ages 5 to 17 in Lingfield Epileptic 
Colony, using a large battery of tests—the Binet tests, Burt’s reasoning tests, 
Porteus’s maze tests, and educational tests 





and found the median intelligence- 
ratio (mental ratio or intelligence quotient) of the boys to be 71 and that of 
the girls 65, which is distinctly subnormal. 130 of the children he examined 
twice at intervals of a year and concluded that some improved, others 
deteriorated, and others were erratic in their progress, but that the general 
tendency was towards deterioration, which in 8% of the cases was severe. 
It should be remarked, however, that the figures given by Fox in his article 
show in his patients no greater average deterioration at their second test and 
no more variability than in the normal children examined by Terman. 

In some cases deterioration is progressive : Walsh" says that in a great 
many cases epilepsy is a progressive and degenerative disease in which a state 
of lowered mentality eventually develops, but adds that in some cases it does 
not seem to affect intellectual life. It has been thought that the deterioration 
varies with the frequency and intensity of the fits and with the age of onset 
of the disease. What is needed, in addition to detailed case histories, is a 
systematic enquiry, on a scale large enough for statistical purposes, into the 
mental histories of epileptics for the purpose of finding whether the disease 
is inherited, to what extent intellectual and emotional deterioration appear, 
and whether the degree of deterioration varies with the age of onset or the 
frequency and intensity of the fits. 

Clark?, MacCurdy® and others have maintained that idiopathic epilepsy is 
endogenous, that it is traceable to an affective defect, that, just as the feeble- 
minded are retarded in their intellectual development, so epileptics suffer from 
an arrest of the instincts underlying their emotional life, and that this inherent 
defect expresses itself in ego-centricity and heightened sensitiveness, and may 
lead to ultimate mental deterioration, intellectual as well as emotional. The 
practical importance of this theory lies in the corollary that, if it be true, the 
treatment must be psychological, it must take the form of training, and that the 
physician in his onslaught on the convulsions is attacking the symptom and not 
the cause. 

Wiersma'*® on the other hand has thought that non-activity and imper- 
ception, i.e., absent-mindedness, a state of lowered consciousness in which 
impressions from the outer world are neglected so that things are seen but not 
recognized, are the fundamental characteristics of the epileptic mind. He 
compared the behaviour of 48 epileptics with that of 2,523 normal people as 
shown by answers to a questionnaire which was addressed to all the medical 
practitioners in Holland. As compared with the normals, they were on the 
whole more narrow-minded, cautious, vain, egotistical, self-satisfied, affected, 
false, stubborn, unstable in mood, inconsistent in thought and action, given 
to flattery, grumbling and talking about themselves, to verbosity, complexity, 
repeating themselves and echoing the ideas of others; they were clumsier, 


quieter, more reserved, less intelligent, less practical, less witty, less observant, 
and their memories were poorer. All these traits, including the egotistical 
tendency, he traces to their absent-mindedness ard nor-activity. 


C2 
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PRESENT INVESTIGATION. 


As the slowness, the inattentiveness, the change in emotional and tempera- 
mental disposition and the general narrowing of the mental horizon of epileptics, 
tend to obscure their mental deterioration and give the impression that they 
could if they would, we propose to set forth in this paper an account of the 
results of testing the intelligence of 49 children who were examined in the 
Royal Hospital for Sick Children, Glasgow, in the course of an enquiry into the 
intelligence of sick children, undertaken under the auspices of the Medical 
Research Council and with the collaboration of Dr. Leonard Findlay. The 
results of these tests are offered, not in the belief that they will help to a decision 
between these theories, but in the hope that they may be of use to others who 
are working along similar lines. They have the advantage of an objectivity 
which cannot be claimed for the most carefully answered questionnaire or the 
most pious of opinions. 


The children varied in age from 4 to 12 years. Some of them were 
examined twice at intervals of 8 months to nearly 5 years. The healthy 
brothers and sisters of some of them were also examined. The tests used 
were those of Binet as translated by Burt’. 


The intelligence-ratios (I.R.) of these patients at their first test were :— 


117, 117, 113, 104, 103, 100, 99, 98, 98, 96, 93, 92, 90, 89, 89, 88, 87, 87, 85, 84, 83, 82. 
7 


Si, ‘81, 80, 79, 78,77, 70, 11, TT,.01, 16, 18, 14, 12, 71, 2, 


1, 68, 65, 63, 60, 58, 58, 57, 54, 52, 51, 49. 


The mean of the whole group is 80-65 ; its probable error is 1-43. This is 
appreciably and significantly below the average of the rest of the hospital 
children examined (991), which is 90°57 0-31. When patients suffering 
from diseases of the ductless glands and of the brain are excluded, the mean 
I.R. of the rest of our patients is 91-76 = 0-35, which is still more above that 
of the epileptics. Hence these are as a class distinctly below the rest of the 
hospital population in intelligence. 


Their intelligence ranges from feeble-mindedness up to a grade above the 
average of the other children. There is, however, no sign of that superlative 
native ability which tradition has associated with this ailment. The variability 
of this group, as measured by the standard deviation, is about equal to that of 
the rest of the patients. The standard deviation of the epileptics is 14-87, 
while that of the others is 14-66. Since the means of these two groups are 
different, the coefficient of variation, which is the standard deviation expressed 
as a percentage of the mean, gives a better measure of variability than does 
the standard deviation itself. This for the epileptic group is 18-43 + 1-33, 
while for the others it is 16-18 +. 0-26. The difference (2-25 +. 1-36) is not 
significant. 


As it has been maintained that epilepsy is inherited and that the mental 
defect that so often goes with it is innate, we have tested the brothers and 
sisters of some of the patients and re-tested the patients themselves. The 
numbers, unfortunately, are small, but the results are interesting and suggestive, 
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The intelligence-ratios of the patients whose brothers and sisters were examined 
and those of the healthy siblings were :— 


Patient (1st test) 117, 117, 100, 98, 92, 88, 84, 81, 79, 78, 77, 77, 76, 71, 68, 65, 58, 58, 57, 71 
Sibling 93, 134, 93, 96, 97, 83, 102, 87, 92, 83, 83, 101, 67, 106, 90, 91, 76, 84, 77, 79 


Thus, 15 of the 20 healthy children have a higher I.R. than their epileptic 
brothers or sisters. The mean I.R. of the 20 patients is 80-60 + 2-56, that 
of their 20 healthy brothers and sisters is 91-20 + 2-05. The difference between 
the means, 10-60 + 3-28, is significant, in spite of the smallness of the number 
of cases. The average of the healthy siblings is practically the same as that 
of the whole hospital population. They are, therefore, apparently normal in 
respect of intelligence. This, of course, proves little with regard to the in- 
heritance of epilepsy, but it suggests that, whatever may be the grade of their 
own mentality, epileptics come from stocks which, as far as intelligence is 
concerned, appear to be quite normal. If the healthy members of these stocks 
have inherited epileptic potentialities, these are not correlated with any defect 
of intellect. It follows, too, that the intellectual deterioration of the patients 
must be an effect of their epileptic condition, and is not itself directly inherited. 


To test this suggestion it would be necessary to examine the patients in 
the very early stages of their illness: if their I.R. at that time approximated 
to those of the rest of the population, the theory would be established. It 
will probably take a long time to collect sufficient data of this kind. At present 
we have only presumptive evidence, namely, that just given and some drawn 
from the following results of re-tests. 


a 


Twenty-one cases were re-tested at intervals varying from 8 months to 
4 years 8months. The I.R. of the patients at the two tests are shown below :— 


77, 76, 68, 60, 58, 57, 51 


First test 117, 113, 104, 98, 92, 89, 88, 87, 87, 85, 81, 81, 78, 77 
75, 81, 64, 76, 64, 49, 28, 54, 37 


Second ,, 102, 92, 80, 85, 39, 86, 84, 64, 87, 74, 85, 31, 


The mean at the first test is 82-09 = 2-51; at the second test it is 
66°52 + 3-06. The difference, 15-57 3°96 is significant. In ten cases there 
is little difference between the results of the two tests, but the general tendency 
is towards deterioration which in some is very serious. This supports the 
suggestion already made that the epileptic condition tends to produce mental 
deterioration. 


A more detailed examination of our records taking account of the interval 
between the tests, points in the same direction. Table I shows for each 
of these 21 patients the intelligence-ratio at each test, the interval 
between the tests, the chronological and mental age at the first test, the 
actual and expected increase in mental age, a figure (index of development) 
which shows whether development is normal, the interval between the first 
fit and the first test, the severity and frequency of the convulsions at the time 
of first admission to hospital, and the improvement in general condition at the 
time of the second test. 
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TABLE I. 








(1) | (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) | (13) 
SA. |117 | 102 51 61 | 7:1 0641) GO | 068 0305 SNE OL 
Ad: {| 138 92 42 8:10, 9:1] 17 47 | O37 1:0 M. F. N.I. 
G.M. | 104 | 80 51 | 11:6 | 12:0 14, 53 | 026) 03 | MS. NFL! OL. 
P.D. 98 85 36 10:10, 10:8 13 35 0-38 2:0 S. F. I. 
H.H. 92 39 39 8:10) 8:1 4] 36 1-14; 0:2 M F. N.] 
R.T. | 89 86 15 8:5 7:6 9 13 0-70 0:6 M. F. N.] 
CJ. | 88 84 27 | 69 | 6:0 19 24 0-82| 27 $M. *F, I. 
B.R. | 87 64 4() 9:6 8:3 l 35 0-03 2:6 S F. N.I 
M.E. | 87 87 19 12:0 10:5 17 17 102, 0:0] S F. I. 
K.H. | 85 74 8 14:2 | 12:1 14 7 2-06 12:0 S. F. N.1 
MJ. | 81 | 31 27 | 841! 69 | —41/ 22 188 6:0 SS F. | Nu 
M.R. | 81 85 45 3:1 2:10 36 37 0-97 0:0} S. F. I. 
M.P. 78 75 25 8:1 6:4 1] 20 | 0°56 0:1 M. F. I. 
SH. | 77 | 81 s |o3/] 72| 10; 6 | 162) 46 |/8 F | L 
P.Cs | 77 64 9 | 11:9 , 9:1 13 7 |—188 0:6 M KF. NI 
M.A. | 76 76 18 5:1 3:10 13 14 | #095) 0:0] S. N.F. I. 
D.C. 68 64 37 Bey 7:10 18 | 25 0-73 | 10:0 KF, N.] 
W.S. 60 49 53 11:3 6:10 10 | 32 0-31 1:0 S. N.F N.1] 
R.W. 58 28 45 4:0 2:4 2 26 | —0-08 0:6 M. KF, Nels 
cw. | 57 | 54 23 | 83 | 49) 6 | 13 | O46) 20 | MONE! OL 
i Om i 37 56 8:3 4:2 4 29 0:26 O08 S. F, I. 

(1) Patient. 

(2) Intelligence-ratio at first test. 

(3) Intelligence-ratio at second test. 

(4) Interval between the tests (in months). 

(5) Chronological age at first test (in years and months) 

(6) Mental age at first test (in years and months). 

(7) Increase in mental age (in months). 

(8) Expected increase in mental age (in months). 

(9) Index of development, i.e., (7)/(8). 

(10) Interval between first fit and first test (in years and months). 

(11) Severity of fits on admission to hospital. S. — severe, M. = mild, M.S. = moderately 
(12) Frequency of fits on admission to hospital. F. = frequent, N.F. =- infrequent. 
(13) Improvement in general condition. I. = improved, N.I. = not improved. 


There is good reason for believing that under normal conditions the 
intelligence-ratio remains constant, hence the increase in the mental age of 
a child which is expected after a given interval will depend partly on this 
interval and partly on the magnitude of the ratio itself. The mental age of a 
child whose I.R. is 75 will in 12 months increase by 75° of 12 months, 7.e., 
by 9 months, whereas that of a child with a ratio of 100 will in the same time 
increase by 12 months. This expected increase is given in column 8. The 
ratio of the actual increase to this expected increase gives a measure of the 
stability of intelligence ; this is shown in column 9. Where it is unity, the 
development is normal; where it is between 0 and I, there is retardation ; 
where it is 0 or negative, there is stagnation or retrogression (Fig. 6). 

Our numbers are so small and the conditions so variable that these records 
do little more than offer suggestions. Of the 21 cases 4 show serious retro- 
gression (indices of development — 1-14, — 1-88, — 1-88, — 2-06), and two 
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complete stagnation (indices 0-03, — 0-08), five have developed at from 
a quarter to about a third of their normal rate (indices 0-26, 0-31, 0-26, 0-38, 
0-37), five at from about a half to three-quarters (0-68, 0-70, 0-56, 0-73, 0-46), 
and the remaining five have apparently developed at their normal rate (1-02, 
0°97, 1°62, 0-95, 9-82). In two of the cases of retrogression the interval 
between the tests was only 8 or 9 months, so the indices in these cases are 
not so reliable as in the others. 

Diagram | shows the relationship between (a) the interval between the 
tests (col. 4) and (b) the difference between the first and the second I.R. (col. 
2 and 3). 


DIAGRAM I. 
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The points seem to lie roughly along a line from the upper left-hand corner 
to the lower right-hand corner of the page, suggesting a correlation between these 
two sets of values. The calculated correlation is — 0-378 +. 0-126. This is 
barely significant, but suggests that retardation in mental growth varies directly 
with the length of the interval between the tests. It must be remarked, how- 
ever, that the number of cases is small and that this calculation is concerned 
with absolute increase in the intelligence-ratio ; it takes no account of mental 
growth relative to initial capacity. 

When we plot the interval between the tests against the index of develop- 
ment, which, as shown above, indicates whether development is normal or not, 
we get the following scatter-diagram (Diagram 2) :— 
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DIAGRAM II. 
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Index of development. 


Diagram 2 shows much less correlation than Diagram 1. The corre- 
lation coefficient here is + 0:17 0-14, which is not significant. Hence 
the higher correlation between (a) the interval between the tests and (b) the 
difference between the first and second I.R. is due to neglect of the partial 
dependence of this difference on the magnitude of the ratio itself. The signs 
have actually been reversed. This is due obviously to the exceptional values 
in the lower left-hand corner. When these are eliminated the remaining values 
suggest a slight negative correlation. It follows, then, that our observations 
prove no significant correlation between the length of the interval between 
the tests and the degree of mental deterioration. It must be repeated, however, 
that such a correlation might be found in a bigger group of cases and after a 
more comprehensive examination than we have been able to make. 

Nor is there any relationship between the age at which the first convulsions 
appeared and the subsequent intelligence-ratio of the patient. If the whole 
of the 49 cases be divided into two groups, one containing those whose I.R. 
was 80 or more at their last test, the other containing those with an I.R. below 
80, the mean age at which the first fit appeared is practically the same in the 
two groups, namely, about 5} years. 

As it has often been maintained that deterioration is greatest in those 
patients in whom the convulsions are severest and most frequent, our cases 
were classified by Prof. L. Findlay as severe, mild, moderately severe, frequent 
and infrequent, according to the severity and frequency of the fits at the 
time the patients were admitted to the hospital. The results of this classi- 
fication are shown in columns (11) and (12) of the Table I. Here S means 
that the fits were severe at that time, M. mild, and M.S. moderately severe ; 
F. indicates that they were frequent and N.F. infrequent. In the last column 
the letter I indicates that the patients had improved in general condition at 
the time of the second test, N.I. that there had been no improvement. 
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Twelve of the cases were severe, 8 mild, and 1 moderately severe. In 
16 cases the attacks were frequent, in 5 they were infrequent. Eleven im- 
proved, and ten showed no improvement. Only one case was both mild and 
frequent, and it improved in general condition by the time of the second test. 
Of the 12 severe cases 7 improved and 5 did not. Of the 9 cases in which the 
attacks were both severe and frequent 5 improved, and 4 did not. Of the 
8 mild cases 3 improved, and 5 showed no improvement. This does not 
support the view that improvement in the general condition depends on the 
mildness of the attacks. 

Of the 5 cases in whom the fits were infrequent at the time of the first 
test, 4 improved, and | did not. Of the 16 whose attacks were frequent, 
7 improved. This also suggests that there is no relationship between the 
frequency of the convulsions and subsequent improvement in general con- 
dition. The observations, then, suggest that from the severity and frequency 
of the fits one cannot make any reliable inference as regards the subsequent 
progress of the condition of the patient. 

Let us now look into the relationship between these factors and the 
intelligence of the patients. This is indicated in the following table which 
gives the mean index of development between the tests (with its probable 
error) and the mean intelligence-ratio at the first test of the severe, mild, 
frequent, infrequent, improved and not improved cases together with their 
differences. 


TABLE II. 














| 
No. of Mean index Difference Mean I.R. at | Difference 
patients of devt. first test | 
Severe 12 0-24 +- 0-21 | 80-7 + 3:14 
| 0-22 + 0-30 ae : . 
Mild 8 0-02 + 0-22 i aliath 81:5 + 4:12 | 66 +56 
Frequent 16 + 0-02 4 0-19 | 81-9 + 2-43 
0-51 + 0:20 7 | 0:9 + 7-60 
Infrequent 5 + 0-53 + 0-08 { ; 82-8 + 7:20 | iii 
Not improved 10 0:50 +- 0-23 | ‘ 81-0 + 3-31 
‘23 + 0-2 > 7.2 
Improved 11 | 0-73 + 0-08 J J t 0-24 83-1 + 3:72 | a1 + 400 





As regards the severe and the mild cases there is no significant difference 
between the two groups either in respect of the intelligence ratio at the first 
test or of the subsequent mental progress as shown by the index of develop- 
ment ; the mean index of the severe cases is positive while that of the mild 
cases is slightly negative, but this difference is small as compared with its 
probable error. Similarly, the difference between, the means of the frequent 
and the infrequent groups is not significant, although the index is higher in 
the infrequent group, which suggests that the frequency of the convulsions 
may be more important than their severity in determining mental deterioration. 

It is very different when we compare the indices of development of those 
whose general condition had improved with the indices of those in whom there 
was no improvement. The mean of the 11 who improved was + 0-73 + 0-08, 
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i.e., about three-quarters of the normal, while that of those who showed no 
improvement was — 0-50 + 2-23, 7.e., in them there was actual retrogression. 
The difference between these means is quite significant, being three times its 
probable error. It should be noted that the difference between their intelli- 
gence-ratios at the first test was not significant. 

It follows, then, that these observations indicate that there is no relation- 
ship between the severity of the fits and the subsequent improvement in general 
condition or subsequent mental progress, that there may be a correlation 
between their frequency and arrest of mental development, but that there is 
a very significant correlation between general improvement in the condition 
of the patients and their mental progress. If this improvement can be placed 
to the credit of medical treatment—and the physician naturally claims that it 
can—it follows that such treatment, while arresting the convulsions, at the 
same time promotes normal mental development. 

Returning to the psychological theories already alluded to, it should be 
remarked that a general enfeeblement of intelligence will in itself to some 
extent explain the inattentiveness, the distractibility, the slowness of thought 
and reaction, the ego-centricity and the primitive character of the emotional 
reactions of epileptics, for it implies a disintegration of the higher, more 
complex mental functions and a consequent slackening of control over the 
lower, more purely instinctive reactions. Even normal people are inattentive 
to the things they do not understand; they fail to see and hear them. 
Quickness of reaction, especially of ‘ choice’ reactions, is partly affected by 
the same condition ; W. G. Smith"! found that while epileptics did not differ 
appreciably from normals in what would nowadays be called the rate of tapping, 
they were distinctly slower in ‘ choice’ reactions, such as sorting a pack of 
cards ; this is just what one would expect if their deterioration were intellectual, 
for the more complex functions would be affected first. Similarly, as the more 
primitive mental functions, the purely instinctive reactions, would be the last 
to be affected, we have here a possible explanation of the ego-centricity, the 
hypersensitivity, the obstinacy, irritability, and general variability of mood 
of the epileptic. 

It is possible, therefore, that, instead of deterioration being the result of 
heightened egoism, as MacCurdy suggests, the latter may be the result of a 
general intellectual deterioration; but our methods of estimating this, 
especially in adults, are so crude, and our ignorance of our emotional and 
instinctive equipment so profound that this suggestion is offered with the 
utmost diffidence. 


CONCLUSIONS. 


1. The average intelligence of epileptic children is appreciably below 
the normal. 

2. There is definite evidence of deterioration that is due directly to 
epilepsy. 

3. All epileptic children do not deteriorate equally ; some appear to 
show no deterioration ; some lapse into a state of complete imbecility. 
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4. The variability in intelligence of the epileptic group examined is 
slightly, but not significantly, higher than that of the other patients. 

5. Our observations do not permit the assertion of a significant correlation 
between the degree of deterioration and the length of time the patient has 
been subject to convulsions. 

6. There appears to be no significant correlation between either the 
severity or the frequency of the convulsions at the time of admission to hospital 
and either subsequent improvement in general condition or subsequent mental 
progress. 

7. There is a significant correlation between improvement in general 
condition and mental progress. 

8. Epileptics come from a stock which appears to be normal as far as 
intelligence is concerned. 


We desire to thank the Medical Research Council for their help in this 
work, Professor Leonard Findlay for his generous encouragement and thorough 
examination of both the cases and our conclusions, and Professor E. P. Cathcart 
for several valuable suggestions. 
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THE EFFECT OF VARIATION OF THE 
DIET IN RHEUMATIC CHILDREN. 


BY 


A. P. THOMSON, M.D., M.R.C.P., and 8. H. EDGAR, Ph.D. 


(From the Baskerville School and the Children’s Hospital, Birmingham.) 


It is frequently asserted, apparently more as a conviction of faith than 
as a conclusion of reason, that deficiencies or errors in the balance of diet are 
important factors in the etiology of rheumatism in children. 

A general survey of a large number of clinical cases has left us sceptical 
of the truth of this assertion and, as previous investigations’ in Birmingham 
had shown that rheumatism in children did not occur so frequently in homes 
in which neglect of the children was obvious, as it did where there was evidence 
of their satisfactory care, we have hitherto believed that the influence of food 
was unlikely to be great. 

A small investigation was recently undertaken at the Baskerville School 
for rheumatic children in Birmingham in order to discover whether any 
important alterations in the blood chemistry could be produced by changes 
in the diet. 

In November, 1928, a group of 22 children, all convalescent from 
rheumatism and most of them with signs of carditis, were selected for investi- 
gation, and estimations of the blood pH, carbon dioxide, urea, non-protein 
nitrogen, and uric acid were made. The children were then divided into two 
equal groups, to one of which was given a high protein diet, and to the other 
one rich in starch ; similar estimations of the blood were made after they had 
been kept on these diets for about five months (in a few cases the second 
estimations had to be made after an interval of three months). 

The details of the dieting were as follows :— 


PROTEIN GROUP. 


Breakfast. Bacon, corned beef, dripping, eggs, a little porridge occasionally, fish, beef sausage. 
Dinner. Meat, green vegetables, egg custard and fruit. 

Tea. Brown bread, butter, fruit, jam (a little). 

Supper. Brown bread and butter. 


STARCH GROUP. 


Breakfast. Bread and butter, bread and milk, porridge in large quantities, cereals, a little 
bacon once weekly. 


Dinner. Very little meat, a large quantity of potatoes, soups thickened with flour, cornflower 
pastries, milk puddings. 
Tea. Cakes, bread and butter, jam. 


Supper. Bread and butter. 
Both groups had an average of half a pint of milk daily. 
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The specimens for estimation were taken at similar times and as far as 
possible in unchanged conditions ; the results are shown, in Table I and II. 
In each case the results in columns ‘ 


of the experiment and those in columns 


’ 
a 


a hy 


were obtained at the beginning 
at the end. 


The result shows that there is no distinct difference in the constitution of 
the blood in the two groups ; the small drop in the blood-urea values is due to 
a change in laboratory technique. 


TABLES I & 


BASKERVILLE DIETING 


EXPERIMENTS : 


Nov. 1928—Mar. 3lst, 1929 



































(excluding 2 weeks at Christmas). 
| | 
Prev. time pH CO, Urea | Now- Uric Acrip 

Age — in school | Prorern N | 
Sex — a ee 

Nearest 

year Months a b a | b a b a | b a b 
TABLE I. Protein Group. 
F. 12 2 | — | — | 61-52 | 68-46 { 34-4 | 26-0 | 34-1 | 34-9 | 3-69 | 2-66 
M. | 1 10 | 7-48 | 7-46 | 63-36 63-66; — | — 32-3 | 31-1 | 3-87 | 3-75 
M. 10 4 7-43 | 7-38 | 61-18 | 60-20! — | — | 31-5/35-5] — | — 
F. il 2 ;—|— - —  28-9| 25-0  33-3/ 34-2) — | — 
M. | ou SLT bce | ane, HREM co Pe Ban Bee 
F. | 10 6 be 7-47 | 57-61 | 54-22; — | — | 33-2/ 300] — | — 
M. 1] 6 7-48 | 7-44 | 60-83 62-52 | 36-4 | 27-0 | 36-3 | 30-4 | — | — 
M. | 12 2 =: | 7-36 | 7-53 | 64-60 | 60-83 | 27-5 | 31-0 32-4 | 35-7 | 4-68 | 3-00 
F. | 12 2 |7-4517-50) — — | 37-0| 33-0 | 38-2| 31-4, — | — 
F. | 15 6 - | — | 60-64 | 67-62 | 35-0 | 22-5 | 36-8 | 32-6 | — | — 
Fj) 10 7-40 | 7-47 | — 35-0| 28-0 27-8 | 39-2 | 4-94 | 4-48 
Mean 11-44 sad 7-46) 61-4 | aia ace ie ea aes ee ae 

| =, az | } ta a ae 
TABLE II. Starch Group. 
F. | 10 2 7-39 | 7-46 | 60-77 | 55-76 | 35-1; 24-0, — | — | — |) — 
F. | 12 » jJ—j|J—| —|J—|—-]— pee Be 3-40 | 2-38 
M. nN) 2 | — | — | 56-31 | 59-97 | 32-6 | 27-0 | 31-2| 38-7, — | — 
F. ot) 2 |7-48| 7-53 60-07 | 62-70; — | — |39-71345 — | — 
M. 8 | 10 | 7-45. | 7-38 62-27 | 57-70 | 34-0 | 29-0 | 32-0 | 27-7 3-45 | 3-66 
rE | 9 | 8 |7-44] 7-44 63-62|56-35/ — | — | 30-0] 27-7. 2-89 | 3-28 
M.| 8 | 6  |7-48|7-46 59:3 [57-3 | — | — |29-7| 26-3 3-28 | 5-00 
F. | 10 | 2 | 7-48]7-42 — | — | 29-0] 27-0 | 28-6 | 32-2 | 3-71 | 2-11 
M. | 12 2 7-45|7-51 — | — | — | — | 36-1] 30-8 | 4-33 | 2-14 
M. 9 | 10 7-43 | 7-40 61-17 | 59-97 | 31-0 | 35-7 | 32-6 | 32-8 3-84 | 3-84 
M.| 12 | 2% 7-45 | 7-46 59-30 | 62-64 | — | — | 30-6| 37-0 4-67 | 3-36 
Mean 60°35 | 59-02 | 32-3 31-9 
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DISCUSSION, 


The protein group had a higher average age, 11-4 years; that of the 
starch group was 9-9 years. The average gain in weight in the protein group 
was 1-8 pounds ; that of the starch group was 2 pounds. The normal increase 
for a period of 5 months for children of the age of the protein group is 2 pounds 
and for those of the age of the starch group 3 pounds, the difference being 
attributable to the difference in age. 

It is possible, therefore, that the high protein diet led to a greater increase 
in weight, but with so few cases no reliable conclusion in this direction can be 
drawn. 

The incidence of febrile attacks (that is the number of times that the 
temperature reached 99 degrees or over) in the two groups was practically 


equal. In the protein group the average was 8 and in the starch group 6. 


It is much more likely that the increased incidence of fever in the protein 
group was due to the fact that 9 of the 11 children had signs of carditis, whereas 
in the starch group only 7 of them were so affected. In addition, in the protein 
group only 3 children had had their tonsils completely removed against 6 
similarly treated in the starch group. No difference in general progress 
could be distinguished between the two groups. 


SUMMARY. 


22 rheumatic children living in identical conditions were divided into 
two equal groups, to one of which was given a high protein diet and to the 
other a high starch diet. Blood analysis at the end of 5 months showed 
no appreciable difference between the two groups in respect of pH, CO,, urea, 
non-protein, nitrogen or uric acid. No difference in the clinical progress of 
the two groups could be determined, but there was perhaps a slightly greater 
increase in weight in the protein group. 

These results lend no support to the belief that diet is of material importance 
in the etiology or course of rheumatism in children. 
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